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“NITRAMON'S 


Other dependable products by Du Pont 
FOR SEISMIC PROSPECTING 


Seismograph “‘Hi-Velocity’’” Gelatin 50% — particu- =» 
larly suitable for deep holes where maximum water- 
resistance is a requisite. Detonates completely at high 
velocity under extreme water pressures. 

“Seismogel”—an economical gelatin dynamite, ideal 
where water conditions are less severe. 







































Both grades are available in three sizes with 
or without the “Fast-Coupler” feature that 
speeds joining cartridges together in rigid 
single columns: 


2" diameter—2], lbs. each 
244" diameter—5 lbs. each 
3" diameter—10 Ibs. each 


“$SS“ Electric Blasting Caps—for precision timing of =» 
the shot. No time lag. Bridge wire breaks on detona- 
tion... not by application of current. Water-resisting 
rubber plug closures and aluminum foil shielded 
shunts are exclusive safety features. 


Du Pont Blasting Machines—designed to withstand =» 
rough usage. Rack bar type operates easily, smoothly. 
Maximum amperage and voltage are released on com- 
pleting downward stroke. Nos. 30 and 50 recom- 
mended. 








E.1. du Pont de Nemours & Co. (inc.) 
Explosives Department 
Wilmington 98, Delaware 
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IN 2-1NCH DIAMET 


for shorter charges © greater concentration 
better records 





NOW “NITRAMON” S—the safest blasting agent 
for seismic exploration—is available in a new, 
24-inch diameter. The new size meets a recog- 
nized need for shorter charges in the 10- to 40- 
pound range. Shorter charges give a greater 
concentration of explosive energy ... meaning 
clearer, sharper records. 

Cans of the new size of “Nitramon” S weigh 
one pound; are approximately 4 9/16 inches 
in length. Convenient units, pre-assembled at 





OUTSTANDING FEATURES OF “NITRAMON” S 


¢ Maximum safety. 

e Charges easily assembled. 

e Proper priming assured. 

@ Quicker loading. 

¢ Strong, rigid columns. 

e Less friction . . . less poling. 

e Water-resistant containers. 

e Sturdy cans resist pressure. 

e Admirably suited for “‘sleeper”’ holes. 
e Non-headache-producing. 


NOW AVAILABLE IN FOUR SIZES 





Diameter Weight 

pe Ere | 
WVa-inch........+eeeeeeee.) Ib. or 5 Ibs. 
Beinch. ...cccccccccccccce eS IBS. OF 10 Ibs. 
Aelneliny. «0c cccccccccceo ION MBS. 











(A) (B) 
Plastic points (a) and shields (b) are available for 
24-inch, 3-inch and 4-inch sizes. Shields only for 
2-inch size. 


ag hee: 


the mill, consist of five one-pound cans. Com- 
pact... easy to handle... and it’s a safe, quick 
job to assemble charges of the desired weight. 


The new size rounds out the “Nitramon’” S 
family and offers party chiefs this safest blasting 
agent for every blasting requirement. Ask any 
Du Pont Explosives representative for com- 
plete information. 
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Seismograph Equipment 
' Manufactured by 


NORTH AMERICAN 


This equipment as well as the Portable Gravity Meter, 
other geophysical apparatus and precision equipment is 
manufactured in our own Laboratories. 


REFLECTION SEISMOGRAPH 
UNITS 


This complete 16 channel, dual recording unit is mounted in a 
special stainless steel body, having two power driven cable 
reels, completely wired, tested and ready for field service. 
Amplifiers have full, automatic amplitude control and complete 
rejection of 60 cycle power line interference. It has inverse feed 
back filters, 6 filter settings controlled by selector switch on 
instrument panel, which makes it possible to obtain any 6 filter 
curves. Interchangeable plug-in type filter units make it possible 
to readily change complete system of filter curves. Dual output 
is available, providing for mixed and unmixed recording simul- 
taneously. Light weight seismometers are furnished with either 
fluid or electro-magnetic damping. 


} 


PORTABLE CABLE REEL 


This light-weight reel, designed for use in areas inacces- 
sible by truck, carries 1200 feet of cable and is worn on 
the back or chest. When laying cable it is worn on the 
back, the cable unreeling as the operator walks along. 
When reeling in, it is worn on the chest, and the cable 
wound on the drum by the crank as the operator walks 
along. Wide web belting assures comfortable fit. The 
complete reel weighs only 5 pounds. Weight with 1200 
feet of tapered seismograph cable is only 23 pounds. 
The reel is available with or without cable. 


NORTH AMERICAN GEOPHYSICAL COMPANY 


Manufacturers of Geophysical Apparatus and Precision Equipment 
2627 Westheimer Rd. Keystone 3-7408 
Houston 6, Texas 
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THE MAGNETIC MAP_ HAS /MATURED 
HAS/MA1 


bild Airborne Magnetometer Unit is now map- 
extensively for Gulf Oil Company in South America 
2,325 lineal miles of magnetometer profiles flown 
March 8 to April 19, 1947; currently flying an 
ge of 2500 such miles per week {dry season opera- 
in the tropics}. 


tirchild Airborne Magnetometer Survey is fat superior 
€ ground magnetometer survey as it has been 
nand used by geologists in the past. Where the 
hetic map was once a geological exploration tool 


ibious importance, the magnetic map as flown and 
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controlled by Fairchild has opened a whole new field 
of possibilities in oil exploration. 


Speed and Control are Fairchild contributions to the in- 
herent virtues of the Gulf Airborne Magnetometer. The) 
Fairchild Airborne Magnetometer Unit is a tightly- 
integrated ground and air organization which collects 
data with the speed of the Douglas A-26 long range 
airplane and uses a special system developed by Fairchild 
to control the reliability and usefulness of that data. A 
Fairchild correlating staff, located in New York City, 
translates field data into magnetic maps. 


The Airborne Magnetometer has graduated from geological conversation. 


Write to Fairchild for complete information. 
| 


AERIAL SURVEYS, INC. 


224 EAST ELEVENTH STREET, LOS ANGELES 15, CALIFORNIA © 21-21 FORTY-FIRST AVENUE, LONG ISLAND CITY 1, N.Y. 
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USKA © 
| MAGNETOMETERS 


TYPE VR (left): A newly designed recording Ver- 


tical Base Station Magnetometer which is 






self-contained and permits visual observa- 






tion while recording time, temperature and 






diurnal variation. No darkroom or auxiliary 






equipment necessary. 






Standard sensitivity: visual 10 gammas 






per scale division; recorded 10 gammas per 





millimeter. 


RUSKA cotecrari 


4607 MONTROSE BLVD. HOUSTON 6, TEX. 













TYPE V (right): A new, improved Schmidt type 
vertical magnetic field balance. 







Standard sensitivity: 10 gammas per 
scale division. Scale range: 1200 gam- 
mas. 













Also available: 






Type HR—recording horizontal Base Station 
Magnetometer 






Type H—horizontal magnetic field balance 











Ruska Instruments are of the latest design and 
are based on most recent developments. They 






are superior in precision, workmanship and ma- 






terial, are easy to operate and maintain, and 






have a fine appearance and a durable finish. 
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been making and interpreting gravity sur- 


veys in most of the petroleum provinces 





of the world... localizing structural areas. 
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WHITHER EXPLORATION* 
J. J. JAKOSKYt 


INTRODUCTION 


Many developments in international politics during the past few 
months have created much concern over the adequacy of our petroleum 
reserves. Not only the leaders in the oil industry, but also many in- 
dustrial, congressional and military leaders are concerned over our 
ability to maintain a domestic production capacity sufficient to sup- 
port the industrial and civilian markets, and if necessary, to meet the 
demands of another world-wide war. 

Since 1938, the question of an adequate oil supply has been of vital 
importance. We know our oil production in the United States has ex- 
ceeded the total discovery of new oil. Many and various factors have 
contributed to this unfavorable condition. The most important appear 
to be of a politico-economic and a technologic nature. For the purpose 
of my paper today, I would like to discuss certain of these factors 
which have had a direct bearing upon our professional work in eco- 
nomic geology. 

One major factor which has fostered the unfavorable relationship 
between the production of oil and the discovery of new domestic 
fields is the type of controlled economy under which we have had to 
operate during the past decade. The petroleum industry is the second 
largest in the United States, and‘probably the most outstanding ex- 
ample of an industry that has developed under private initiative, 
where open competition and a sane economy, have given us world 


* Presidential Address, presented at the Los Angeles meeting of the Society, 1947. 
Manuscript received by the Editor, April 18, 1947. 
Tt 1063 Gayley Avenue, Los Angeles 24, California. 
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leadership. When this condition was suppressed by unfavorable legis- 
lation and regulations, initiative was stifled and aggressive exploration 
was inhibited. During the war period of controlled price ceilings for 
crude oil, profits were not sufficient to yield a return adequate to 
stimulate exploration in the high-risk areas. Wildcatting was sup- 
pressed and much of the drilling was directed toward the proving-up 
of the more favorable prospects, and the extensions of known pro- 
ducing areas. This inhibiting effect! of too low a price has been par- 
ticularly exaggerated after issuance of the “‘Hold-the-line Order” in 











TABLE 1! 

Operating® Development? Exploration® Total Cost 
Year Costs Costs Costs of New Oil 
1936 . 262 *212 .180 -654 
1937 are: 253 -145 .632 
1938 e3rk . 201 -163 -675 
1939 - 295 -1QI - 360 . 846 
1941 . 292 - 199 . 262 Se 
1942 Becyi . 218 -415 -947 
1943 - 307 - 296 434 1.037 
1944 - 308 - 383 -907 1.598 





1 Report on the Cost of Finding, Developing and Producing Cruce Petroleum, sub- 
mitted to the Office of Price Administration, by the National Crude Oil Industry Ad- 
visory Committee, February 11, 1946. 

® Total operating costs divided by volume of production will disclose operating cost 
per barrel. Source (a). 

b Total cost of oil wells completed each year, divided by volume of estimated oil 
reserves recoverable from such wells, approximates development cost per barrel on a 
replacement basis. Source (a). 

° Total of finding costs divided by the volume of new reserves discovered in the 
same year approximates finding cost on a replacement basis. 


April 1943, which froze the price of oil at substantially a fixed level, 
while labor and material costs were allowed to advance. During this 
same period, our exploration difficulties continually increased. Since 
1943 and until a few months ago, the average income from the sale of 
crude oil was some 35 cents less per barrel than the replacement cost 
of new oil. The industry as a whole has avoided bankruptcy by the 
simple expedient of operating chiefly on funds derived from the sale of 
crude oil obtained from producing properties discovered nearly a dec- 
ade ago. A brief overall picture of the increased replacement costs 
for new oil may be obtained from the data given in Table 1, which 


1 Report on the Cost of Finding, Developing and Producing Crude Petroleum, sub- 
mitted to the Office of Price Administration, by the National Crude Oil Industry Ad- 
visory Committee, February 11, 1946. 
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shows the relative costs during the past decade of the: lease operating 
costs, the drilling or development costs, and the exploration costs. 

In the past ten years, the lease operating costs have increased only 
about 17 percent. There has been an average increase of about 70 per- 
cent in basic wages and other costs during this time. To offset this in- 
crease in wages, there have been two factors: an increase in produc- 
tion per man-hour, due to the installation of better field equipment as 
the producing fields became stabilized; and secondly, greater produc- 
tion from wells as proration regulations were removed during the war 
emergency. Better operating efficiency has therefore held the lease 
operating costs below a value which might be expected in view of the 
general price rises during this period. 

The development costs have increased some 8o percent in the past 
decade. This is nearly 10 percent greater than the average increase in 
basic wages and other costs and shows the normal increase due to: 
greater depth of wells, larger size holes, heavier equipment, and the 
increase in the number of dry holes. The percentage of dry holes rose 
from 13.5 percent to over 27 percent. 

During the past ten years, however, our exploration costs have in- 
creased more than 400 percent. Wages in exploration work have gone 
up somewhat comparable to the average increase in basic oil-field 
wages. Tending to offset increased labor and material costs, are the 
many advances which have been made in our geological and geophysi- 
cal techniques. Yet with all of these advances, the exploration costs 
have increased some 30 times more than the lease operating costs, and 
over 6 times more than the development costs. 

The reason for this greatly increased exploration cost is due chiefly 
to the decrease in effectiveness of both our geological and our geophys- 
ical techniques, as we rework old areas and extend into the marginal 
areas. 

Our exploration techniques have been in cycles, each extending 
over a period of a relatively few years. The first technique utilized 
surface indications such as oil seeps. Then came the period of creek- 
ology, which ushered in the trend theory; then we again reverted — 
back to surface indications as geology and plane-table mapping were 
employed to find structural highs. 

During this time much wildcat drilling was being done. The wells 
were not too expensive due to their shallow depth. Then slim-hole 
and other systematic drilling techniques were introduced to work out 
structure covered by shallow overburden and unconformities. The 
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relatively high cost of exploratory drilling encouraged the use of geo- 
physical techniques, which were able to map the sub-surface struc- 
tural highs. Then we had the peak periods of application of refraction 
seismic, torsion balance, magnetometer, reflection sesimic, gravity 
meter, and some geochemical and electrical work. The areas most 
amenable to the present geophysical and geological methods now have 
been quite well covered, and probably the more readily interpreted 
subsurface conditions diagnosed in terms of economic geology. 

Today, for lack of better methods, as we continue our search for 
the subsurface structural highs, the trend in general is toward the 
ultra-refinement of present techniques, which comprises the careful 
evaluation of an area by the use of more intensive geology, where 
possible, supplemented by two or more geophysical methods. By cor- 
relation of the data from different geophysical methods, it often is pos- 
sible to interpret some of the weaker anomalies, whose significance are 
not apparent from the application of one single geophysical method. 
Obviously the cost of such work, necessitating the combination of in- 
dependent techniques, must be high. 

If it were not for the limitations imposed by economic considera- 
tions, we could continue along the present lines of endeavor with more 
and more intensive application of the combined geophysical and 
geological procedures. Such a program will of course find additional 
oil, but its use can only result in increasingly greater costs. Thus the 
law of diminishing returns enters into the picture, as we rework old 
areas and extend into the less easily mapped marginal and the deeper 
areas. Often the development of these deeper structures is not overly 
attractive due to the greater cost of deep drilling, coupled with the 
fact that the deeper horizons generally have a smaller recovery per 
acre. The increased development and lease operating costs, together 
with the lower productivity, far too often make the development of a 
deep-lying structure a risky marginal operation. 

In the United States, the most important undeveloped areas re- 
maining today are the covered or masked areas, complex fault ac- 
cumulations, and the stratigraphic traps created by unconformities, 
pinch-outs, changes in porosity or sedimentation, and lensing. Nearly 
a third of the important oil fields in this country have been of the 
stratigraphic type, discovered by random drilling. This list includes 
such important producing fields as the Midway-Sunset, Coalinga, and 
Kern River here in California; Glen, Burbank and Bristow-Slick in 
Oklahoma; the East Texas in Texas; the Smackover in Arkansas; 
perhaps the new Delhi in Louisiana, and the Bradford in Pennsyl- 
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vania. In addition, we have many smaller fields, such as the Cut-Bank 
in Montana; and the shoestring pools in Kansas. Such a high frequency 
of blind discovery without the aid of geology and geophysics, clearly 
indicates the much greater frequency of occurrence of the stratigraphic 
accumulations. Since our present exploration methods are not gener- 
ally applicable to the detecting and mapping of stratigraphic traps, 
it is to be expected that unless some more effective technique of pros- 
pecting is developed very shortly, we will again revert back to the 
drilling cycle of exploration. If this proves to be the case, we will have 
much exploratory drilling along stratigraphic trends, using less geology 
and geophysics, and depending primarily upon actual drilling luck for 
success. In the past, such random drilling has been moderately suc- 
cessful in some areas and undoubtedly will find more oil in the future. 
The recent price increases for crude oil will stimulate this type of 
exploration. Such wildcat drilling, however, will not be as attractive 
as it was a decade ago, due to the greater cost of drilling and the 
limitations imposed by present laws and taxes on the financing of such 
operations. 

In speaking of more effective techniques, do not visualize a re- 
fined crystal ball or the early evolution of a radically new principle of 
operation. We will undoubtedly continue to utilize the presently 
known properties of rocks im situ, perhaps much as they are employed 
in our present geophysical art. We have good reasons, however, to 
expect decided improvements in instrumentation, better use of field 
equipment, and more complete interpretation. 

Interpretation is probably the least advanced of any of the com- 
ponents of successful exploration. This is due to the human inability 
of the interpreter to evaluate properly the effects on the geophysical 
data of the complex stratification and the lateral variations comprising 
the subsurface. The subsurface is an extremely complex three-dimen- 
sional region which the interpreter must diagnose with only the help 
of the very limited, incomplete type of data obtained from our present 
techniques. 

Oftentimes a relatively minor improvement makes the difference 
between data that have definite diagnostic value and data that may be 
ambiguous or even misleading. Today, practically every major ex- 
ploration organization is increasing its research activities, trying to 
discover new and better exploration methods. Such research is groping 
into every field of scientific achievement in hopes of utilizing new dis- 
coveries that have not heretofore been applied to oil exploration. It 
seems reasonable to believe that under such stimulated effort, new 
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applications will be made of developments taken from other lines of 
science or industry. However, many new applications in nearly all 
fields of engineering, are being retarded now due to the policy of 
secrecy forced upon many industrial and research organizations dur- 
ing the past five years. This secrecy has been fostered by the malfunc- 
tioning of our patent system. Due to political interference in the ad- 
ministration of the patent office, it now takes years instead of months 
to get an application sufficiently advanced to evaluate its patent pos- 
sibilities. As a result, secrecy is oftentimes advisable, if advantage is 
to be gained from the fruits of the research work. Such a policy greatly 
retards our national progress by inhibiting the dissemination of funda- 
mental information. It also fosters unnecessary rivalry between scien- 
tist and laboratories, with the resultant duplication of much funda- 
mental research and studies. Issued patents serve as reliable sources of 
information, and more important, stimulate early publication of tech- 
nical papers. The patent background constitutes one of the interesting 
differences between applied geology and applied geophysics. Geology 
is an art almost wholly devoid of patents. Geophysics, on the other 
hand, due to its foundation of electronics and engineering, utilizes 
some 2000 active patents, covering everything from galvanometers to 
drills. 

In addition to the difficulty within the patent office itseJf, much 
confusion exists regarding the legal interpretation of patent claims. To 
illustrate one general trend; recent Supreme Court decisions have held 
that an indispensable ingredient of a patentable invention was a 
“flash of thought,” originating in the mind of an individual. A major- 
ity of the 100,000 patents issued annually in the United States are for 
discoveries made in laboratories, staffed by specialists working as a 
group. Recent court decisions make many such patents invalid be- 
cause of their group origin. This reasoning, if applied to petroleum 
exploration, would say that valid title to acreage should be given toa 
lone wildcatter who had a “‘flash of thought” disclosing the subsurface 
oil accumulation, but title to this same acreage should become public 
property if the discovery is the result of the usual careful work by a 
group of specialists, comprising for instance, the geologist, the paleon- 
tologist, the geophysicist, and the land man. Another recent Supreme 
Court decision will necessitate careful reevaluation of all patents per- 
taining to improvements in apparatus and machines.? In some recent 


2R. Werlin, Supreme Court Narrows Protective Scope of Many Patents, The Oil 
Weekly, March 27, 1947, pp. 27-35. 











WHITHER EXPLORATION | 367 


cases our higher courts appeared to be making their decisions so as 
to further political creeds rather than on an unbiased interpretation of 
those fundamental patent laws, upon which our industrial progress 
has been built. 

Another illustration of the effect of political maneuvering upon our 
exploration efforts is the confusion regarding ownership of California 
tidelands and the submerged shelf along the Gulf Coast area. For 
some 170 years, the courts have decided that submerged lands were 
the property of the states; and some 52 decisions of the U. S. Supreme 
Court have granted sovereignty to the states. Suddenly in 1936, an 
attempt was made to reverse this long line of decisions. After much 
legal maneuvering and costly court work, there is now pending before 
the U. S. Supreme Court a new suit by the Federal Government 
against the State of California, “claiming that all persons who hold 
title or leases from the State of California on submerged lands are 
_ trespassers against the rights of the United States.’ 

At best, the exploration and development of submerged areas is a 
costly and difficult burden. Now, in addition to the technologic and 
economic problems, there has been added a legal burden. The system- 
atic development of these tidelands and off-shore areas has been, and 
will be delayed to a great extent until the legal phases have been clari- 
fied. 

Exploration activities have been stimulated by the price increases 
of crude oil during the past few months. A considerable margin must 
exist between the selling price of oil and its cost of replacement with 
new reserves, because ‘approximately 65 percent of the gross income 
from the production of crude petroleum must normally be expended 
in the search for and the development of petroleum reserves to main- 
tain adequate production.” 

In addition to the recent price increases, a further incentive to ex-: 
ploration is possible by modifying our present income-tax set-up, 
which now actually penalizes the financing of any intelligent long- 
range exploration program. In particular, tax structures should be 
adjusted to allow the smaller independent operator an opportunity to 
plow back into his business enough profit to make prospecting for new 
domestic fields profitable. This is difficult now because of the limita- 
tions on net operating loss carry-overs and carry-backs, and the 
limitation on deductions for geological and geophysical expenditures. 


3 Robt. W. Smith, That California Tidelands Case, Mining and Metallurgy 28, 170 
(March, 1947). 
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In the past, a large portion of our risk money for wildcat exploration 
has come from the smaller independent operators, who accumulated 
sufficient profits during their flush years, to drill succeeding wells. A 
more liberal interpretation of the revenue statutes would enable many 
operators to recover their initiative in exploration. 

In summarizing the situation in which we find ourselves, it seems 
reasonable to believe that the present unsound condition now existing 
can be greatly improved by the correction of certain factors. Some of 
these factors are of political origin and should be corrected by changes 
in recent promulgated regulations and laws. The economic factor im- 
posed by a too low price ceiling has been rectified recently by expira- 
tion of the war-time emergency act. Much yet remains to be done by 
proper changes in tax structures and income regulations. New techno- 
logic developments are needed and can be stimulated by improving 
and clarifying the patent situation, thereby allowing earlier publica- 
tion of new fundamental and applied research. The cloud on the titles 
of tidelands and off-shore areas should be lifted by an early action of 
Congress or the U. S. Supreme Court. 

The changes in the general conditions during the past few months 
indicates that neither extreme optimism nor pessimism need be voiced 
for the present state of domestic exploration, providing proper en- 
couragement is given exploration and new technologic developments. 
On the basis of geologic probability, we can be fairly certain that 
much oil still exists to be discovered in the subsurface. It seems reason- 
able to expect intensive exploration activity; and, if history repeats 
itself, new domestic reserves should be discovered. 
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GEOPHYSICAL HISTORY, LAKE ST. JOHN FIELD, 
CONCORDIA AND TENSAS PARISHES, LOUISIANA* 


N. J. SMITH} anp G. W. GULMONt 


ABSTRACT 


This paper discusses chronologically the geophysical methods used in discovering 
the Lake St. John Field in Concordia and Tensas Parishes, Louisiana, and compares 
the results of these with the structure revealed by subsequent drilling. The discovery 
well was drilled in 1942 and the field has produced approximately 6,310,000 barrels to 


date. 


INTRODUCTION 


The Lake St. John Field is named from a recent oxbow of the 
Mississippi River, which lies across the structure nearly at right angles 
to the longitudinal axis. The locality (Fig. 1) is in the flat, featureless 
flood plain of the Mississippi River having a maximum relief of about 
fifteen feet. 

The surface rock is a mantle of recent alluvium about 250 feet 
thick, while the section encountered by the drill ranges from this 
recent material to the Rhodessa member of the Glen Rose and con- 
tains, commencing in upper Eocene, oil or gas, or both, in numerous 
zones. Non-commercial gas is found in top of Cockfield and top of 
Sparta; oil in some ten sands of the upper part of the Wilcox; gas- 
condensate in six separate sands of the Eutaw-Tuscaloosa; condensate 
and oil in the Basal Tuscaloosa, and a dry gas sand in the Paluxy. 

Below are listed the approximate depths to the significant geologic 
members: 


Top Cockfield 1400 feet Gas in top 

Top Sparta 2200 feet Gas in top 

Top Wilcox 3400 feet gas and oilin upper 2000 feet 
Eutaw-Tuscaloosa 8150 to 8600 feet Gas condensate in several sands 
Basal Tuscaloosa 9050 feet Oil and condensate 

Paluxy 9400 feet One dry gas sand 


Deepest wellin field: 12,847 feet 
Bottomed in Rhodessa 


The Lake St. John Field is situated west of the center of the post- 
Lower Cretaceous depositional basin. The section thins toward the 


* Presented at the Los Angeles and Houston meetings of the Society, 1947. Manu- 


script received by the Editor, February 16, 1947. 
t The California Company, New Orleans, Louisiana. 
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west and toward the north as shown by comparing the depth to Lower 
Cretaceous of g10o feet at Lake St. John with 3000 feet in the Delhi 
area about 60 miles north, a thinning of 6100 feet, or 100 feet per mile. 

The field is in the interior salt-dome province and the structure is 
produced by a deep-seated (estimated 15,000-20,000 feet) salt mass. 
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Fic. 1. Location plat. 


The discovery well in the Basal Tuscaloosa (The California Com- 
pany, Pan American Life Insurance Company No. 1) was completed 
in June, 1942, and the exploration and development of the Basal Tus- 
caloosa oil column became the chief objective. Total Wilcox produc- 
tion to November 1, 1946, was approximately 1,279,000 barrels and 
Tuscaloosa production to November 1, 1946, was approximately 
5,031,000 barrels. | 

GEOPHYSICAL HISTORY 

Beginning in the late spring of 1939, a California Company gravity 

party, under W. N. Mosher, made a gravity survey of a belt across 
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central Louisiana in the hope of discovering favorable areas along a 
trend in which production might be anticipated from the Claiborne, 
Wilcox and possibly Upper Cretaceous. As a result of this work, a 
closed gravity minimum of considerable size and moderate intensity 
was discovered, centering in Townships 8 and g North, Range 10 
East, Concordia and Tensas Parishes. The influence of the anomaly 
extends into Adams County, Mississippi, across the Mississippi River 
(Fig. 2). Figure 3 is a sketch of the Carter Oil Company gravity pic- 
ture made prior to The California Company survey. Carter suggests 
the difference in the two pictures may be a result of the more limited 
control obtained in its survey. 

To check the gravity anomaly, a two-day seismograph survey was 
made by Geophysical Service, Inc. early in October, 1939, using the 
dip method; Mr. E. G. Dobrick being The California Company geolo- 
gist in charge. Only a few scattered dips were obtained but these 
demonstrated a reasonable possibility for the existence of favorable 
structure in the northwestern part of the gravity picture. Figure 4 is 
contoured on the basis of dips assumed to be in the neighborhood of 
— 10,000 feet. The weight of the interpretation falls on a single north 
dip, but the record quality is good. 

As a result of the encouraging seismograph work, an option on a 
land block was obtained and a more detailed seismograph survey 
undertaken in March and April of 1940, by a General Geophysical 
party. Because, meanwhile considerable acreage had been acquired 
by the Carter Oil Company on the basis of gravity information, it was 
agreed that the cost and results of this survey would be shared. West 
of Lake St. John, where the better records were obtained, correlation 
spreads were used while both correlation and continuous spreads were 
tried east of the lake. 

The survey indicated the Lake St. John structure to be a large 
anticline trending northwest-southeast, closure increasing with depth. 
Two areas of closure were mapped at the horizon designated as Wilcox 
(Fig. 5), whereas three were exhibited at the horizon estimated to 
represent the top of the Upper Cretaceous (Fig. 6) and’at the top of 
the Lower Cretaceous (Fig. 7). The southeastern closure appeared to 
be the most outstanding feature on all three horizons. 

At the conclusion of this survey, Mr. Claiborne, geologist for The 
California Company, suggested on the basis of such evidence as the 
data afforded, that several northwest-southeast trending faults could 
be present in the area and, specifically that a graben might exist in 
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that part of the structure crossed by the northern end of Lake St. 
John. 

A joint Wilcox test was drilled with the Carter Oil Company in 
Section 29, on the Grace M. Rhodes tract, T. 9 N., R. 10 E., Tensas 
Parish, and was bottomed in the Midway at — 6600 feet early in 1942, 
non-commercia] oil shows being found in the Wilcox. Immediately fol- 
lowing this, two cross lines of continuous profiling were completed 
over the well site by Seismograph Service, Inc. for the joint account 
of the Carter Oil Company and California Company in an effort to 
find a higher Wilcox point nearby, but the seismograph data indicated 
that the Grace M. Rhodes No. 1 location could not be improved within 
the area covered by the work. — 

It was apparent that the more prominent closure to the southeast 
of Lake St. John deserved independent evaluation. To this end The 
California Company, Pan American Life Insurance Company wel] in 
Section 16, T. 9 N., R, 10 E., Concordia Parish, was spudded on 
January 28, 1942, and completed on June 20, 1942, for production in 
the Wilcox after demonstrating the presence of commercial gas-con- 
densate production in the basal Tuscaloosa. 

Neither the seismograph dip survey by Geophysical Service in 
1939, nor the combination correlation-continuous work by the General 
Geophysical Corporation in 1940, could be considered detailed sur- 
veys. Hence the encouraging shows in the Pan American well made 
the need for additional seismograph work self evident, at least in the 
vicinity of the structural crest. While the well was still drilling, Seis- 
mograph Service, Inc. shot continuous profiles over the area for ap- 
proximately two work weeks. The map shown as Figure 8 was pre- 
pared by Dr. M. G. Frey, geologist for The California Company, 
combining both the General Geophysical and the Seismograph Service 
data. Increased structural complexity was readily apparent. These 
jatest data added weight to the earlier suggestions of faulting, indi- 
cating however, that the center of the feature might possibly be a horst 
rather than a graben. Subsequent subsurface data showed the graben 
to be the correct interpretation. This uncertainty is not surprising, 
since at no point during the geophysical development was the evidence 
for faulting very conclusive. 


GEOLOGY AND FIELD STATISTICS 


The seismic Wilcox map (Fig. 5) compares favorably with the sub- 
surface Wilcox map (Fig. 9) based on well data. The seismic inter- 
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pretation has been corroborated by drilling to the extent that there 
are two local highs, one southeast of the Lake and the other on the 
northwest end of the structure, both of which contain accumulations of 
gas and oil in the topmost Wilcox sand. The two highs are separated 
by a structural saddle which tends to become non-existent with depth. 

The seismic map (Fig. 7), representing approximately the top of 
the Lower Cretaceous, or base of basal Tuscaloosa, has stood the test 
of the drill exceptionally well. In size and general configuration, the 
structure map based on well data (Fig. 10), and the seismic map on 
Horizon X (Fig. 7), are quite similar. The structure map based on 
well data is contoured on a resistance feature present on all electric 
logs in the field and thereby represents a true structural picture. This 
marker is about 130 feet above an average top of the basal Tuscaloosa 
zone, consequently the small local anomalies caused by sand lensing or 
facies changes are eliminated. 

Although faulting was suspected at the time of the seismic surveys, 
no faults were drawn on the final maps. The graben theory, suggested 
during the earlier seismograph survey has been proven correct, the 
center of the structure having been down-dropped by the two major 
normal faults which are nearly parallel to the longitudinal axis (Fig. 
10). The down-dropping of the crestal area is quite common in this 
type of structure. The fault planes have an apparent dip of 45 to 60 
degrees, and the maximum throw is in excess of 175 feet. It appears 
that the greatest throw is near the apex. The faulting has disrupted 
the simple uniformity of the fold in many places, complicating the 
structural picture so far as the different pay horizons are concerned. 

It is interesting that the gas-oil contact occurs at the same level on 
all fault blocks and that the oil-water contact does likewise, in spite 
of the fact that the displacement of the faults exceeds the reservoir 
sand thickness in many places. It follows, therefore, that the faults are 
due to structural growth and collapse, and that near the margins of 
the structure the faults die out, making fluid and gas equalization 
possible. 

There are at least three major faults with throws of 150 feet or 
more and a greater number of minor faults. The many small faults no 
doubt contributed to the poor record quality making interpretative 
work on the major fault systems difficult and doubtful. 


SUMMARY 


The history of the Lake St. John Field is quite orderly. It began 
when the Carter Oil Company and the California Company inde- 
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pendently undertook reconnaissance gravity surveys, Carter making a 
land play directly on this basis. California prefaced its land play by 
additional gravity detail and a brief seismograph dip survey. Fol- 
lowing this, more thorough seismograph surveys were made by Cali- 
fornia in which Carter participated by sharing expenses. Joint tests 
were drilled on the seismograph structure to effect the discovery. 
Orderly development was assisted by the fidelity with which the seis- 
mograph mapped the sub-surface horizons and by the virtually com- 
plete control of the producing area by the two companies. 

The first well drilled, Rhodes No. 1, was a Wilcox test that logged 
shows of oil. This was later found to be in the broad sub-surface saddle 
between the two Wilcox highs. Following the completion of the first 
well, the Rhodes No. 1, additional seismic work led to the location of 
The California Company’s Pan-American Life Insurance Company 
No. 1. This well logged several pays in the Wilcox, gas-condensate 
shows in the Eutaw-Tuscaloosa section, and also gas-condensate in 
the basal Tuscaloosa. The fourth well drilled to the basal sand, the 
J. W. Brown No. 1, penetrated the sand in the oil column and ex- 
ploitation of the oil band became the number-one objective. 

There are now 83 oil wells in the basal sand, ten of which are gas 
wells and five dry holes; three of the dry holes are due to sand pinch- 
out in the Tuscaloosa on the northeast flank, and two result from their 
proximity to the fault plane on the downthrown side. The average 
depth of the wells to the basal sand is 9125 feet. The gas-oil contact is 
8988 feet subsea and the oil-water contact is gog2 subsea. The produc- 
tive area is approximately 13,000 acres. 
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GEOCHEMICAL HISTORY OF THE HARDY OIL FIELD, 
JONES COUNTY, TEXAS* 


W. R. RANSONET 


ABSTRACT 


The exploration history of the Hardy oil field is unusual in that its discovery fol- 
lowed from drilling on a geochemical anomaly, in the immediate vicinity of which there 
was no evidence of closed structure either from a reflection seismograph survey which 
preceded, or from a core drill investigation which followed the geochemical survey. 

The geochemical survey, which covered a portion of Jones County, Texas, was 
initiated in August, 1942. The discovery well in the Hardy field was completed in 
November, 1943, and opened a new Canyon sand pay zone. Development of the field 
has shown that the sand pinches out across a nose, forming a typicalstratigraphic reser- 
voir. Thus, as a result of that discovery and subsequent development, the predictions 
from allthree exploration methods—geochemical, reflection seismograph, and core drill, 
have been confirmed. 


INTRODUCTION 


The Hardy oil field is located in Jones County, Texas, about 
twelve miles north of the city of Anson (Fig. 1). Certain unusual fea- 
tures connected with this field should make it of particular interest 
to both geophysicists and geologists. The most important of these is 
the fact that the field was discovered as the direct result of a geochemi- 
ca] survey. The development of the field has shown the reservoir to be 
a type case of sedimentary trap, and this explains why both seismo- 
graph and core drilling information failed to give direct evidence of 
closed structure or possible petroleum accumulation. 


EARLY HISTORY 


In August, 1942, Mr. I. J. Allen, an independent oil operator, 
suggested a plan of exploring for a southwestward extension of the 
Avoca oil field. Accordingly, a reconnaissance geochemical survey was 
begun and this survey was later extended to cover most of northeast 
Jones County. 

The collection of soil samples in the field was under the direction of 
Mr. I. J. Allen and Mr. J. V. Polk. The analysis and interpretation 
of the results obtained was done by Geochemical Surveys. The entire 

* Presented at the Los Angeles and Houston meetings of the Society, 1947. Manu- 
script received by the Editor, May 19, 1947. 


t Gen. Mgr., Partner, Geochemical Surveys, 3806 Cedar Springs Rd., Dallas 4, 
Texas. 
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Fic. 2. Reproduction of the original geochemical survey of a portion 
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ortion of northeastern Jones County, Texas, with well locations. 
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undertaking was carried out as a joint venture between Geochemical 
Surveys and Messrs. Allen and Polk. The geochemical survey failed to 
show any extension of the Ivy-Olander-Avoca trend but did indicate, 
however, interesting geochemical anomalies apart from the known oil 
fields. Leases were obtained on one of these prospective areas in the 
writer’s name and by his initiative in May, 1943, and ‘farmed out” 
to the Great Lakes Carbon Corporation. On November 19, 1943, the 
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Fic. 1. Regional map showing location of the Hardy field. 


Great Lakes Carbon Corporation’s O. H. Hardy No. 1 was completed 
as a flowing well in a Canyon sand at a depth of 3690 feet. This new 
producing zone and oil field were subsequently named the “Hardy.” 


GEOCHEMICAL SURVEY 
(Pre-discovery) 


The geochemical survey (Fig. 2) was conducted on a reconnais- 
sance basis with soil-sample locations placed one-quarter mile apart 
north-south, along lines one-half mile apart east-west. This spacing 
was reduced to a one-quarter mile grid, or less, in places of particular 
interest. Samples were obtained at each location from a depth of 7 feet. 
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Most of the area surveyed was covered with red sandy-clay soil 
weathered from the underlying Permian red beds, and samples from 
the desired depth of 7 feet were easily obtained. In the extreme eastern 
and northeastern portions of the area surveyed, the Leuders limestone, 
and other hard formations outcropped; causing rough topography and 
thin soil coverage. There the sample depth was considerably reduced 
and the material sampled was of less uniformity than in the previously 
mentioned red sandy-clay soils. 

At each sample location an analysis value has been placed on the 
map. The constituent measured is considered to have been a modifica- 
tion of the sample material caused by the upward passage of hydro- 
carbon gases and, therefore, to be related to these gases and their 
underlying sources. In order to identify the significantly high values, 
the map has been “contoured” on a figure of 45 units (Fig. 2). The con- 
centrations of significantly high values so localized may be seen to 
occur in patterns about many of the oil fields showing, to a reasonable 
degree, the positions and extents of associated petroleum accumula- 
tions. In order to simplify an interpretation of these patterns, a heavy 
dashed line has been put through them to suggest the possible limits 
of production. For purposes of closer study, and comparison with the 
later determined subsurface structure, an enlarged map of the geo- 
chemical survey results around the Hardy oil field are shown in Figure 
3. The map, and the interpretation shown thereon, was completed 
and made available to Dr. Norman D. FitzGerald, then of Great 
Lakes Carbon Corporation, in April, 1943. 


GEOPHYSICAL AND GEOLOGICAL HISTORY 


Upon the completion of the geochemical survey in the fall of 
1942, an effort was made to collect all information which might be of 
aid in high-grading the geochemical-anomaly discoveries. Well logs 
were obtained and a subsurface map prepared with contours based on 
the top of the Palo Pinto limestone covering the area surveyed. How- 
ever, in the vicinity of the geochemical anomaly associated with the 
later discovered Hardy field, no wells had been drilled and, therefore, 
no subsurface information was available. 

A seismograph survey had been made of this particular portion of 
the area in 1939 by the Independent Exploration Company for the 
Iron Mountain Oil Company. In May, 1943, Mr. Harold G. Neely, an 
independent oil operator, brought this to the attention of the writer 
and was kind enough to furnish him with a copy of the original report 
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map (Fig. 4). As may be seen, this map was contoured on the ‘“‘E” 
horizon, which was thought to be the top of the Ellenberger. Strong 
nosing, but not closed structure, was indicated in the local area, subse- 
quently and independently recognized as geochemically anomalous. 
Lack of structural closure was noted in the other horizons. 
Nevertheless, in May, 1943, leases were obtained and later ‘farmed 
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Fic. 3. An enlarged portion of the original geochemical map with 
subsequent wells added. 


out” to the Great Lakes Carbon Corporation. This Company further 
checked the possibility of structure in the area by use of the core drill 
(Fig. 5). The map shown in Figure 5 was contoured on the Leuders 
limestone and correlations were obtained by the use of electric logs. A 
sufficient area was covered (larger than that shown on the map) to in- 
sure proper correlation. Again no good evidence of structural closure 
was suggested although slight flattening was noticed between core 
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holes 1 and 2, and slight nosing towards core hole 3 west of core hole 2 
(and beyond the limits of the map). 


After summing up al] of this information, and despite the apparent 
lack of structural closure, it was decided to test the prospect with a 
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Fic. 4. Reproduction of a seismic survey in the immediate vicinity of the Hardy 
field. The producing area is in the south part of Section 11 lying east of Section 35. 


well. The discovery well was located 660 feet out of the southeast 
corner of the O. H. Hardy tract in the approximate center of the geo- 
chemical anomaly. Light oil shows were encountered in the Flippen, 
Lower Hope and Gunsight limestones of Cisco age, and these were 
checked by cores as being non-commercial. Good saturation was found 
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in the Hardy sand of the Canyon series, Pennsylvanian system, and 
after drilling to a total depth of 4812 feet the well was plugged back 
and completed as a flowing well from the Hardy sand with a daily 
potential capacity of 154 barrels on a }-inch choke. 

The subsequent drilling of six additional producers and seven dry 
holes has well outlined the Hardy sand reservoir. The structural situa- 
tion in the upper beds is shown by a contour map (Fig. 6) on the top 
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Fic. 7. Subsurface contour map on the Hardy sand, the producing horizon. 


of the Flippen limestone (probable top of the Cisco series of the Penn- 
sylvanian). This map shows a westward plunging nose with local ir- 
regularities and flattenings. The shallower structural situation may 
also be seen in the cross-section (Fig. 8). 

The structural situation on the top of the Hardy sand is shown in 
Figure 7, and the pinchout of the sand across the nose may be seen 
in the cross-section (Fig. 8). This northwest-southeast section depicts 
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the sand thinning from a thickness of nearly go feet in the T. D. 
Humphrey’s Bates No. 1 well to a few feet of shaley sand in the Great 
Lakes Carbon Company’s No. 1 Nance well. The water level is also 
shown. The fingering or bifurcation indicated on the contour map sug- 
gests the conception of the sand body being an old river delta. This 
thought is also borne out by the presence of detrital material such as 
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Fic. 8. A cross-section across the Hardy field from northwest to southeast. 
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large pieces of crinoids, coarse sand and petrified wood in the cores: 

The possibilities of deeper production in the Hardy field remain un- 
tested. The Hardy No. 1, deepest well drilled to date, drilled through a 
portion of the Strawn series with the Caddo Ellenberger and other 
formations unpenetrated. 


PRODUCTION 


As of January 1, 1947, a total of 287,898 barrels have been pro- 
duced from the Hardy sand. At that time six producers had been 
completed in the field, proving approximately 180 productive acres. 
Recovery per acre, then, has been 1599 barrels to date. The completion 
of the Braden No. 4 in March 1947 added appreciably to the total 
acreage and reserves. 


CONCLUSIONS 


The history of the Hardy oil field began with its discovery follow- 
ing a geochemical survey of a large area in Jones County, Texas, 
carried out as a reconnaissance program. Development of the Hardy 
sand reservoir, which is now almost complete, has shown that the 
sand pinches out across a nose, forming a typical stratigraphic trap. 
This development corresponds well with the pre-discovery geochem- 
ical anomaly. Thus, as a result of that discovery and subsequent de- 
velopment, the predictions of all the exploration methods, geochemi- 
cal, reflection seismograph, and core drill, have been confirmed. 








CASE HISTORY OF THE FORT COLLINS EXTENSION, 
LARIMER COUNTY, COLORADO* 


JOHN H. WILSONt 


ABSTRACT 


The results of a gravity meter survey of the Fort Collins field, Larimer County, 
Colorado, both before and after elimination of regional effects, is presented together 
with subsequent seismograph and subsurface studies which led to the development of a 
small northward extension of the Fort Collins oil field. Other geophysical work in the 
area is reviewed. 


INTRODUCTION 


In 1941, the writer presented a paper before the Society of Ex- 
ploration Geophysicists giving the results of a gravity-meter survey 
across the Wellington oil field, Larimer County, Colorado.’ Results of 
similar surveys over the Fort Collins oil field to the south were not 
presented at that time because of untested anomalies which required 
further investigation. This paper is given to discuss the geophysical 
work done in the Fort Collins area and particularly that geophysical 
work which led to the development of a small northward extension of 
the Fort Collins oil field. 


HISTORY OF GEOPHYSICAL WORK 


The first geophysical work known to the writer that was done in 
the general area was an experimental torsion-balance survey of the 
Wellington area by the Midwest Refining Company in May, 1926. A 
few reconnaissance torsion-balance stations were occupied in the Fort 
Collins oil field by the class in geophysics at the Colorado School of 
Mines in March, 1928, the results of which are shown in Figure tr. 
This early torsion-balance work was done to evaluate the methods 
rather than to investigate local details of structure. 

A reconnaissance magnetic survey of the area was made in May, 
1929, by the writer and George Pasquella, the results of which are 
shown in Figure 2. It would be interesting to see the results of a sur- 


* Read at the Los Angeles Meeting of the Society, 1947. Manuscript received by 
the Editor on February 13, 1947. 

t Independent Exploration Company, Ft. Worth, Texas. 

1 John H. Wilson, Gravity Meter Survey of the Wellington Field, Larimer County, 
Colorado, Geophysics VI, 264-269 (July, 1941). 
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vey with closer detail and with some of the regional effects eliminated. 

The first seismograph work known to have been done in the general 
area was the experimental refraction work of Prospektion G.m.b.H. 
in the Wellington area in April 1930, but no work was done at that 
time in the Fort Collins field. Since 1930, numerous seismograph 
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Fic. 3. Structural map of the Fort Collins oil field, Larimer County, Colorado. 


surveys have been made in Larimer County, some of which included 
portions of the Wellington and Fort Collins oil fields. 

In the summer of 1940, a gravity-meter party of the Independent 
Exploration Company, under E. H. Clark, party chief, made a grav- 
ity-meter survey of the area using a Kannenstine capacitance-type 
meter. At that time the geological conception of the subsurface struc- 
ture of the Fort Collins oil field was that shown in Figure 3. 
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Fic. 4. Gravity-meter survey of the Fort Collins oil field, Larimer County, 
Colorado, by Independent Exploration Company, Aug. 1940. 


The results of this gravity-meter survey is shown in Figure 4. The 
number at each station represents the observed gravity force in units 
of o.1 milligal which has been corrected in the usual manner for ele- 
vation and latitude but has not been corrected for regional effects. The 
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map has been contoured with an isogram interval of two units, or 0.2 
milligals. On this map, as well as on most of the other maps presented, 
the approximate outline of the lowest closing contour of the Fort Col- 
lins structure is shown by a dashed line and the nearest section corner 
to the northeast extension is shown by a heavy cross. It will be noted 
that there appears to be considerable displacement between the loca- 
tion of the structure and the apparent anomaly on the map. 

















Fic. 5. Gravity-meter survey of the Fort Collins oil field, average values of 
east-west lines and corresponding north-south correction curves. 


To one familiar with the magnitude of anomalies related to struc- 
ture in the Rocky Mountain province, it is obvious that the anomaly 
is too large to indicate the Fort Collins structure alone and that it is 
composed of the effect of local structure plus a regional anomaly. On 
the basis of depth calculations, general character, and knowledge of 
the geology of the area, it is believed that the superimposed regional 
effect is due to density variations within the basement rocks and thus 
not necessarily related to the local structure. However, the role of such 
heavy masses within the basement rocks in the localization of folding 
is an interesting problem worthy of further investigation. 

A number of methods of eliminating the regional effect were tried 
and the-one finally selected was that one which gave the closest fit 
to the developed portion of the Fort Collins oil field. In this particular 
method, averages of equally spaced stations along section lines both 
north-south and east-west were plotted on profiles and smooth curves 
were drawn to approximate the regional values. The best fit was ob- 
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Fic. 6. Residual-gravity. map of the Fort Collins oil field’ 
Larimer County, Colorado. 


tained without use of an east-west correction so the only correction ap- 
plied was that shown in Figure 5. Application of this correction re- 
sulted in the residual map shown in Figure 6. The writer does not 
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recommend this method as the best that could be applied; it was a 
method being experimented with at that time and was the method ac- 
tually used. 
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Fic. 7. Possible interpretation of the subsurface structure of the 
Fort Collins area, Larimer County, Colorado. 


After a consideration of the residual gravity map and a restudy of 
the available geological information, a possible interpretation of the 
subsurface structure was prepared as is shown in Figure 7. 

A very limited amount of seismograph work was done in December 
1942 to evaluate this possible northward extension of the field, the 
results of which are shown in Figure 8. Although the presence of 
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houses, reservoirs and other development prevented the obtaining of 
complete information, the survey did tend to confirm the presence of 
the extension near the original assumption. Some additional seismo- 
graph work was later done within the Fort Collins field to locate sus- 
pected faulting. 
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Fic. 8. Reflection-seismograph survey of the North Fort Collins 
area, Larimer County, Colorado. 


In December 1944, Trigood Oil Company’s No. 1 Community was 
drilled in the NE. } Sec. 18, T. 8 N., R. 68 W., and completed as a 
commercial well, followed by the completion of No. 2 in January 
1945, also a commercial oil well. Subsurface map of the Fort Collins 
oil field and its northward extension is shown in Figure 9. 

Tripp has reported the results of a soil analysis survey of the Fort 
Collins oil field in 1943? and a radon survey in 1944.3 


2 R. Maurice Tripp, Analytical and Experimental Data Concerning a Solid Hydro- 
carbon Survey of the Fort Collins Anticline, Geophysics IX, 367-387 (July, 1944). 

3 R. Maurice Tripp, Measurements of Soil-Air Ions over the Fort Collins Anticline, 
Geophysics X, 238-247 (April, 1945). 
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Fic. 9. Subsurface map of Fort Collins oil field, Larimer County, Colorado. 
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GEOPHYSICAL HISTORY OF THE TEN SECTION OIL 
FIELD, KERN COUNTY, CALIFORNIA* 


JOSEPH C. WATERMAN} 


ABSTRACT 


The Ten Section oil field, generally regarded as the first geophysical oil field dis- 
covery in the San Joaquin Valley of California, was found by Shell Oil Company, In- 
corporated by means of a reflection seismograph survey made in 1934-1935. The dis- 
covery well, Shell Oil Company, Incorporated’s K. C. L.-Stevens A-1, was completed in 
June, 1936. A map presenting results of reflection shooting before discovery and one 
from well data with contours on the top of the productive Upper Miocene “Stevens” 
sand are shown. 


The Ten Section oil field is located in Kern County, California, 
about 12 miles southwest of Bakersfield and about 8 miles east of the 
Elk Hills oil field. Figure 1 shows the southern portion of the San 
Joaquin Valley and the location of Ten Section oil field relative to 
other producing fields and nearby towns. 

In 1934, Shell Oil Company, Incorporated’s reflection seismograph 
party chief, Dr. W. Hafner, observed a flattening of dip on a recon- 
naissance line, interrupting the moderate southwest regional dip in the 
general area. As a follow-up of this lead, additional lines were shot, 
and when it appeared that an anticline actually existed, a number of 
circles were shot as a means of detailing. The observation of numerous 
stations on the circumference of a circle with shot points at the center 
was a method of continuous profiling employable with the four-trace 
seismograph set in use at that time. It was necessary, of course, with 
this method to obtain assurance that the plotted events were actually 
reflections and not ground roll or similar effects. Figure 2 represents 
the pre-discovery picture of the Ten Section area. The lines and circles 
shot are shown. The line ‘‘H-5” is the one on which the above-men- 
tioned flattening of dip was observed. An average dip component is 
shown at numerous points on the lines shot. The-circles represent the 
locus of points mid-way between shot point and instrument locations, 
and the time for a particular event, plotted to suitable scale, is shown 
by the irregular line at each circle. Greater times than average (down 
dip) are shown outside the circle and cross-hatched. Reliable reflections 


* Presented before the Los Angeles meeting of the Society, 1947. Manuscript re- 
ceived by the Editor, April 7, 1947. 
T Shell Oil Company, Incorporated, Bakersfield, California. 
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in this early shooting were obtained only in the shallow zones, and 
the picture portrayed was that of Pliocene formations. 

As a result of this shooting and interpretation, completed in 1935, 
the discovery well, Shell-K. C. L.-Stevens A-1, was drilled at the point 
indicated. In June 1936 this well was completed at a total depth of 
7888 feet, flowing 827 barrels of 60.6 degrees A.P.I. gravity oil and 
14,123 M.C.F. of gas per day through a half-inch orifice. Production 


















! 
i 
_ i S++ an a+ a ES Se ee — ane. onee 


7 FRico (cas) 

! * DEVILS DEN 
| 
H 
l LOST mMiLLS 
ans say Aa : 

j NORTH BELRIOGE “Se. WASCO 
WILLIAMS 
L ‘ 


a @ELRIOGE RIO BRAVO 


BOWERBANK(GAS) ~~ 





i CYMRiC ~ id 
jp were 9 BAKERSFIELD 
wentrraicK - ELK HILLS _ . é C01SON 
| SERS “ eS Sy MOUNTAIN VIEW 
1 '@_ coves Levee *» ‘ 
i etme, - SECTION 
a. 7a, \.... . 
——f ‘ FIELD 
' kes PALOMA 
1% 
te . a %e, “I 
| 
4 
| 
! 
Penns oe 
—_ 




















Fic. 1. Map showing location of Ten Section field. 


’ 


in this and subsequent wells is from the ‘‘Stevens” sand of Upper 
Miocene age. 

Figure 3 shows contours on top of the productive sand as deter- 
mined from well data. This map is of the same scale as that in Figure 
2. The outside contour approximates the limit of production. 

At the end of 1946, Ten Section field had produced over 35,000,000 
barrels of oil. 


Ten Section is generally regarded as the first geophysical discovery 
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Fic. 2. Pre-discovery seismic map of Ten Section area. 
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Fic. 3. Contours on top of productive sand, Ten Section field. 
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of an oil field in the San Joaquin Valley and was outlined as a prospect 
solely by reflection shooting. 
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GEOPHYSICAL HISTORY OF THE NORTH COLES LEVEE 
OIL FIELD, KERN COUNTY, CALIFORNIA* 


JOSEPH LECONTEt 


ABSTRACT 


The North Coles Levee oil field was discovered in November 1938. The location 
for the discovery well was based on data obtained from a reflection seismograph survey 
run early in the same year. A contour map, based on these reflection data, was prepared 
after several months of geophysical field work and interpretation. This map outlined 
the structure with reasonable accuracy as shown by comparing it with the present sub- 
surface contour map constructed from electric-log correlations in over one hundred wells 
which have been drilled in the field as of December 1946. 


The North Coles Levee oil field is located in Kern County, Cali- 
fornia, about twenty miles southwest of Bakersfield. It lies on the 
flat plain of the San Joaquin Valley near the mouth of the Kern River 
(Fig. 1), between the Ten Sections oil field three miles to the east and 
the Elk Hills oil field to the west. The field was discovered on Novem- 
ber 27, 1938, when the discovery well, Richfield Oil Corporation-KCL 
A-32, was completed for an initial production of approximately 3000 
barrels per day from the Stevens sand zone of upper Miocene age. 
The location for this well was made in July of the same year after an 
intensive reflection seismograph survey had been made. 

Attention was first focused on the area by the possibility that a sep- 
arate high might exist between the Elk Hills and Ten Sections struc- 
tures. If such a high existed, a trap for oil accumulation would be 
formed in the Stevens zone which had already been proven to be pro- 
ductive in the Ten Sections and Canal fields some three or four miles 
to the east. Since the sand in the Stevens zone was 1000 feet or more 
thick at Ten Sections, it was reasonable to suppose that sand with 
adequate permeability and thickness would be present in the Coles 
Levee area. 

The problem was, first, to shoot a line or lines of reflection profiles 
approximately at right angles to the axis of this supposed anticlinal 
trend to determine its presence and to check its position if found; and, 
second, to shoot lines of reflection profiles parallel to the axis to check 
on fault evidence, convergence of beds and possible structural closure. 


* Presented at the Los Angeles meeting of the society, 1947. Manuscript received 
by Editor, May 19, 1947. 
+ Richfield Oil Corporation, Bakersfield, California. 
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Consequently, the first seismograph line was begun by the United 
Geophysical Company and shot northwesterly approximately at right 
angles to the suspected axis. The spreads used in this line were 1000— 
1000 offset: ‘‘T’s” using a 19-trace recorder, a 660-660 ““T’’-spread be- 
ing shot at right angles to the line at alternate shot points. The results 
of the first few days shooting showed a very strong reversal of dip along 
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Fic. 1. Map showing the location of the North Coles Levee oil field, 
Kern County, California. 


the line with a moderate cross dip apparently to the northeast (Fig. 
2). 

The reflections on this line were of fair quality to a depth of 6000 
feet. Very few reliable reflections were obtained below this depth, but 
the reversal in this direction was so strong that there could be little 
doubt that it extended to the depth of the Stevens sand which was 
estimated to be at about 8000 feet. Another line was then run parallel 
to the first, some 2000 feet to the northeast. This line showed the same 
reversal and cross dip and further established the direction of the axis 
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which was apparently northeasterly. A third line was then shot at 
right angles to the first two and approximately parallel to the axis of 
the fold. The spread used on this line was a o- to 1000-foot continuous 
single-ender with cross shots at alternate shot points. At first, this 
line apparently indicated that the anticline had an unbroken north- 
east plunge clear to the San Joaquin Valley syncline. However, on the 
basis of a few anomalous reflections, detailed lines were later run 
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Fic. 2. Northwest-southeast seismograph section through the North Coles Levee 
oil field showing phantom horizon at Stevens zone depth. 


showing a small reversal dip to the southwest at or near the south- 
west end of the line. Due to the presence of the Buena Vista Slough, it 
was impossible to continue shooting with the original shot-point in- 
terval. For this reason, there is a 3000 foot gap in the line followed by 
a group of four closely spaced shot points on the southwest side of 
the slough between it and the Elk Hills topography which limited 
seismograph work in that direction. Several southwest dipping re- 
flections were picked up from these shot points at which a o- to 330- 
foot single-ender spread was used. 

A second northeast-southwest line was then shot (Fig. 3) about 
3000 feet northwest of the first. Although no reversal was indicated at 
shallow depth, a few rather poor reflections at approximately 7000 
feet had a definite southwest component. After re-shooting the west- 
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ern portion of the line with closer shot-hole spacing, the reversal was 
supported by a number of reflections of better quality from 5000 to 
8,500 feet. 

After shooting these first four lines, which more or Jess delineated 
the area to be surveyed, a number of other lines were run in greater 
detail over four or five square miles of area. These lines were run paral- 
lel to, or at right angles to, the first four lines in an effort to construct 
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Fic. 3. Northeast-southwest seismograph section through the North Coles Levee 
oil field showing slight reversal at Stevens zone depth. 


a reasonably accurate subsurface contour map of the structure and to 
determine its relationship to the Canal oil field to the east where the 
objective zone had been cored. 

Before constructing a final map from the seismic data obtained 
thus far, a detailed survey of the surrounding area was planned with 
specia] emphasis on the south and east flanks of the structure. Before 
this could be carried out, the Kern River rose to flood stage and 
covered most of the area to a depth of several feet. Therefore, because 
of lease requirements, it was necessary to construct the map and locate 
the test well from the seismic data then at hand. 

This subsurface contour map (Fig. 4) was constructed by drawing 
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a phantom horizon from dip projections obtained from the individual 
shot points. Although the profiles were shot continuously, no point- 
to-point correlations were possible below 5000 or 6000 feet. The phan- 
tom was drawn with the aid of a few scattered deeper reflections and 
between these the shallower dips were extrapolated to the Stevens 
zone depth. The map indicated a broad anticlinal] structure closed on 
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Fic. 4. Original seismic map of the North Coles Levee area showing the position of 
the seismograph line. The contour interval is 100 feet and they are on the top of the 
Stevens sand zone. 


three sides by steeply dipping flanks and on the southwest side by a 
gentle reversal of about 100 feet. The contours are on the top of 
the first sand of the Stevens zone, control for which was established 
by carrying a phantom horizon on one of the northeast trending 
seismograph lines from a well on the edge of the Canal field. Al- 
though the apparent closure was small, the anticline was a prominent 
feature shown by its position and trend to be distinct from ad- 
jacent known structures. Furthermore, its size and direction of 
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principal plunge was such that it offered possibilities for the ac- 
cumulation of oil basinward beyond the apparent limits of structural 
closure. The Stevens zone contains a number of distinct but closely 
related sands, any one of which would form a separate trap if the 
proper stratigraphic barrier were encountered on such a structure. 
The test well, Richfield Oil Corporation-Tupman-Western No. 1 




























































¢ 
7 






Zz 
—| ¢ 
omg ~- ? 
ee 
—— ae LIMITS OF PRESENT PRODUCTION 


SCALE wm FEET 
te 1000 __2000 3000 4000 3000 

















Fic. 5. Development map of the Coles Levee field as of December 1946. Contours 
are on the “W”’-horizon electric-log marker which is about 400 feet above the main 
Stevens zone. One hundred and one wells were used for control. 


(now known as Richfield Oil Corporation-KCL A-32) was located on 
the highest part of the structure and encountered the first Stevens 
sand at 8250 feet or about 240 feet higher than anticipated. By Decem- 
ber 1946, approximately 100 wells had been completed in the Stevens 
zone on this structure and approximately 31,000,000 barrels of oil 
produced therefrom. Electric logs run in these wells provide an accu- 
rate correlation horizon known as the ‘‘N” horizon or chert marker 
about 400 feet above the highest Stevens sand. A subsurface contour 
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map made from the sub-sea elevations of this marker is shown in 
Figure 5. 

A comparison of this map with the original seismic interpretation 
shows a reasonable agreement in general position and outline of the 
structure as well as in the amount of reversal to the southwest. This 
reversal, however, appears actually to be somewhat greater on the top 
of the main producing oil sand than on the chert marker. The north 
flank was fairly well interpreted from the seismic data although the 
contours swing out to the north on the seismic map where they should 
run nearly east and west as shown on the subsurface picture. The top 
of the structure was accurately determined as seen by the fact that the 
discovery well, Richfield Oil Corporation-KCL A-32, is only 60 feet 
lower than, and 1700 feet horizontally distant from, the highest well 
in the field. It is apparent that the structural relief was interpreted 
with reasonable accuracy from the seismic data and the only major 
disagreements with the present subsurface map were the interpreta- 
tion of the southeast flank, the sharp syncline to the south of the main 
structure and the almost east-west trend of the axis. 

The large error in strike on the south and southeast flanks of the 
structure was quite probably due to several contributing factors. The 
most apparent of these was the lightness of the powder charge, two to 
five pounds being the rule. Twenty-pound charges might well have 
brought out the deeper reflections and at least partially showed the 
east-west strike. 

The result was a map of the Stevens horizon which was actually 
constructed from data obtained from 2500 to 3000 feet higher in the 
section. Contours drawn from electric log correlations at this shal- 
lower depth conform quite closely to the seismic map. Furthermore 
since the steep south dipping flank could not have been predicted 
from the first seismograph lines, subsequent shot points were not 
located sufficiently far to the south to pick up reflections of such high 
dip. Moreover even if the shot holes had been located sufficiently far 
to the south, the confusion on the record resulting from energy arriving 
at the same time from both sides of this syncline might well have oblit- 
erated any deep reflection with a large move-out. 

No velocity control was available at the time for this particular 
area which probably accounts for some of the conflicting data ob- 
tained near the top of the structure. Rapid variations in velocity may 
also have caused the dips to plot flatter than actually is the case, as a 
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line run due north across the structure at a much later date indicates a 
dip much gentler than that shown by the electric log correlations. 

Since it is now evident that the structure has an east-west trend, 
it can be seen that seismograph lines run in a north-south and east- 
west direction might have developed the subsurface picture more accu- 
rately than the northeast-southwest grid which was employed. The 
production which extends eastward from the top of the structure for a 
distance of 2} miles and 1200 feet down dip is due in part to strati- 
graphic conditions and not entirely to structural closure. 

Finally, it is interesting to note that the geophysical data used to 
locate this successful test well were obtained by means of the reflection 
seismograph which operated less than thirty days in the field on the 
prospect. 
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MULTICHANNEL PEN RECORDER FOR ELECTRICAL 
LOGGING OPERATIONS* 


J. D. EISLER{ anp D. SILVERMANT 


ABSTRACT 


Principle of operation, constructional] details and performance of a servo-mechanism 
type pen recorder are described. The recorder comprises two independent channels of 
servo-amplifier and motor, each capable of moving an inking pen in a rectilinear fashion 
across a chart moving proportionally to the bore hole depth traversed by an electrode 
array. The speed and resolution of the recorder is more than adequate for electrical 
logging requirements. The recorder is capable of recording both d.-c. and a.-c. signals. 


I. INTRODUCTION 


Electrical logging of bore holes is a well-known and established art 
which is used extensively by many geophysical organizations for the 
purpose of location and lithological identification of formations tra- 
versed by the drill. In addition, extensive use is made of logging tech- 
niques for subsurface correlation. While the art of electrical well log- 
ging has reached a high degree of perfection and reliability from the 
interpretative standpoint, experience has indicated that improvement 
in the instrumentation as well as proper choice of the recording me- 
dium is highly desirable. 

The use of photographic techniques is prevalent at the present 
time, chiefly because of the requirements for high sensitivity and high 
signal to noise ratio in the recording apparatus. The use of photog- 
raphy in the field is cumbersome and disadvantageous over other 
recording methods. The disadvantages include the necessity of 
processing the records, the inability of the operator to observe the log 
during the logging process, and an excessive response of the recording 
galvanometers to engine, winch, and truck vibration. The latter neces- 
sitates a rather involved mechanical isolation of the recorder from the 
vehicle body. 

An inking-pen type recorder is admirably suited for electrical] well 
logging both from the standpoint of convenience of operation and the 
relatively low frequency range of signals to be recorded. Unfortunately, 
however, there are no commercially available recorders of the pen 


* Presented at the Los Angeles meeting of the society, 1947. Manuscript received 
by Editor, May 21, 1947. 
¢ Stanolind Oil and Gas Company, Tulsa, Oklahoma. 
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type which could be conveniently adapted to well logging use. The 
specifications call for a multichannel recorder capable of moving inking 
pens in a rectilinear fashion across a paper chart at a sufficiently high 
speed to record logging information over a wide range of logging 
speeds. The recorder is to be responsive to both a.-c. and d.-c. signals 
of the order of millivolts and to be entirely insensitive to all extrane- 
ous mechanical noise and vibration. 

This paper will describe a two-channel pen recorder, employing 
principles of servo-mechanisms, which meets the forementioned spec- 
ifications. Several such recorders have been built and are in operation 
in the field at the present time. The performance of these recorders has 
proven to be eminently satisfactory from the standpoint of presenta- 
tion of data, ease of operation, and a minimum of maintenance. 


II. PRINCIPLE OF OPERATION 


The recorder comprises two identical channels of servo-amplifier 
and motor, each capable of moving an inking pen in a rectilinear fash- 
ion across a paper chart. The chart is made to move simultaneously in 
a direction at right angles to the pen travel, and proportionally to the 
distance along the bore hole traversed by the electrode array. The 
amplifier channels are capable of recognizing magnitudes of a.-c. 
voltages of a fixed frequency of the order of millivolts; in addition they 
indicate the phase (0° or 180°) with respect to the phase of a constant 
a.-c. ground current of the same frequency flowing between a current 
electrode in the bore hole and a surface ground stake. Each pen through 
the action of the servo-amplifier and motor is deflected either to the 
right or to the left from its zero position depending upon the magni- 
tude and the phase relationship of the potential-electrode a.-c. voltage 
with respect to the a.-c. ground current. The deflection of the pens is 
proportiona] to the magnitude of the potential-electrode signal. Selec- 
tor switches are incorporated in each channel by means of which any 
two resistivity electrode configurations may be selected and recorded 
simultaneously. An attenuator network is provided by means of which 
the sensitivity of each channel may be varied in 6 db. steps. An addi- 
tional synchronous-converter circuit permits simultaneous recording 
of natural- or self-potential logs together with resistivity logs. 

The recorder employs a standard Leeds and Northrup chart ten 
inches in width. Each pen records on one half of the chart width, 
but the travel of each pen is limited mechanically to 4.75 inches. The 
depth drive, actuated by the cable measuring sheave, moves the 
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chart having preprinted depth lines on a scale of either 40 or 50 feet 
of the bore hole depth to one inch of the chart. An electrically operated 
pen zero adjustment is provided by means of which each pen may be 
set independently anywhere within its limits of travel for zero input 

















Fic. 1. Block diagram of the logging pen recorder illustrating principles of operation. 


signal. A calibrating arrangement is provided by means of which the 
sensitivity of each channel may be chécked and adjusted if necessary. 

The underlying principles of operation are best understood by re- 
ferring to the block diagram of a single channel of servo-amplifier 
shown in Figure 1. The 60 cycle a.-c. signal originating at the potential 
electrodes ee in the bore hole is fed through an attenuator N to a 
stepup transformer 7; and thence to a single stage of a.-c. amplifier A1. 
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The output of this stage is added vectorially to the electrical output 
of a follow-up potentiometer P; driven mechanically by the servo- 
motor M through an appropriate gear reduction. The potentiometer 
P, is energized by the 60 c.p.s. supply voltage through a stepdown 
transformer T:. The secondary winding of this transformer is effec- 
tively center tapped to ground by means of a manually adjustable 
potentiometer P, so that the potential to ground at the slider of 
potentiometer P; is either zero, in phase, or out of phase with the 
supply voltage. Potentiometer P, thus serves as a means for setting 
the position of the slider of potentiometer P; for zero electrode signal. 
The combined outputs of the follow-up potentiometer P,; and the 
amplifier A; are further amplified by means of an amplifier stage Ao. 
Because of the feedback properties of the servo-system comprising 
the amplifier and the motor, the slider of the potentiometer P, is so 
positioned at all times that the voltage fed to the amplifier A» remains 
substantially zero. If for any reason this voltage (which may be termed 
as the “error” voltage) is not zero, the motor drives the potentiometer 
P, slider in such a direction as to reduce this voltage to zero. The 
recognition of the magnitude and the phase of the “error” voltage by 
the servo-amplifier is effected through a balanced demodulator D 
which is connected to the output of the amplifier Az by means of an 
interstage transformer 73. The unlocking voltage for the demodulator 
D is provided by an isolation transformer 7, connected across the a.-c. 
supply. The output of the demodulator D is suitably filtered and is fed 
to a push-pull amplifier A;. The circuit of the demodulator D is so 
arranged, that its output is a d.-c. voltage varying proportionately 
with the magnitude of the a.-c. ‘“‘error’’ voltage, with the polarity to 
ground dependent upon the phase relationship of the “error” voltage 
with respect to the supply potential. The output of the amplifier stage 
A; is fed to a push-pull power stage As. A smal] d.-c. motor is con- 
nected to the output of the amplifier As, and in turn mechanically 
drives the slider of the potentiometer P; through an appropriate gear 
reduction. A simple system of belts and pulleys converts the rotational 
motion of the potentiometer slider into a rectilinear motion of the ink- 
ing pen. 

Because of the tight electromechanical coupling between the vari- 
ous elements, the above system tends to oscillate or hunt. To prevent 
this hunting, a second push-pull amplifier A, is placed substantially in 
parallel with the amplifier A3. The arrangement results in an addi- 
tional torque to the motor which is a function of the derivative of the 
demodulator output. 
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While the basic principle upon which the pen recorder operates 
includes the measurement of small a.-c. potentials, the instrument is 
capable of recording small d.-c. potentials. If desired, the d.-c. poten- 
tials may be recorded in the presence of comparatively large a.-c. po- 
tentials. This feature is incorporated into the recorder in order that 





Fic. 2. Sensitivity and linearity of response of the recorder as a 
function of the amplitude of input signal. 


the recording of the natural or self potentials may be carried simul- 
taneously with the recording of the apparent resistivity of the forma- 
tions traversed by the electrode array. The circuit for the recording 
of the self potential information includes a multisection low-pass filter 
followed by a synchronous chopper. When the self potential signal is 
applied to the recorder terminals, the filter excludes all a.-c. signals 
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which may be present and the synchronous chopper converts the self- 
potential signal into an a.-c. voltage which is then applied to the in- 
put of the servo-amplifier. 

The supply voltages necessary for the namie of the recorder are 











Fic. 3. Internal view of the recorder with the paper-chart drive removed. 


obtained from a multi-output motor-generator set which supplies 60- 
cycle power for the ground current, follow-up potentiometers, and the 
demodulators, as well as plate-supply voltage to the various ampli- 
fier stages. The motor-generator set obtains its power from a 6-volt 
battery. The total power consumption of the equipment is approxi- 
mately 190 watts. 
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III. SENSITIVITY AND RESPONSE OF THE RECORDER 


The sensitivity and the linearity of response as a function of the 
amplitude of input signal for the maximum gain setting is shown in 





Fic. 4. External view of a servo-amplifier channel. 


Figure 2. The sensitivity, which is adjustable within limits, amounts to 
3.2 millivolts (r.m.s.) full scale. The sensitivity of the recorder for d.-c. 
signals is approximately 1/10 of the a.-c. sensitivity. The response of 
the recorder may be judged from the results obtained when a unit- 
function input (in this case, a suddenly applied a.-c. signal of constant 
amplitude) is applied to the input terminals of the recorder. For a 
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signal thus applied, the servo-motor is capable of driving the pen 
throughout its range of travel (4.75 inches) in 0.25 seconds. 

The frequency response and the speed of operation is considered 
more than adequate for recording signals encountered during well log- 
ging surveys. This is substantiated in the field when logs made over a 





Fic. 5. A composite view of the equipment comprising the logging pen recorder. 


wide range of logging speeds (10 to 200 feet per minute) are identical 
in character. 


IV. MECHANICAL CONSTRUCTIONAL DETAILS 


The entire pen recorder exclusive of the multi-output motor-gen- 
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Fic. 6. Representative example of an electrical log obtained with the 
logging pen recorder showing the use of relogging technique. 
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erator set is housed in a modified Leeds and Northrup Micromax re- 
corder case. The standard Micromax paper drive is redesigned to in- 
clude a flexible shaft drive from the cable measuring sheave, a reset- 
table depth counter and a direction reversing gear box. In addition, 
a re-roll chart mechanism is incorporated into the paper spool assem- 
blies which permits relogging on the same chart any portion of the 
bore hole either at larger or at smaller amplitudes. 

The inking system consists of light metal tubular pens, gravity fed 
from a common ink reservoir through small flexible plastic tubing. 

The main control panel containing selector switches, gain-control | 
switches, zero-adjustment potentiometers, calibration push buttons, 
ground-current rheostat, and the various indicating meters, is located 
on top of the main recorder case. | 

The motor drive, follow-up potentiometers, pen-guide bar, and 
depth counter-are attached to the modified casting—originally a part 
of Leeds and Northrup Micromax Recorder. 

Servo-amplifiers are of an interchangeable plug-in type and are 
mounted inside the main case against the rear wall. The d.-c. toa.-c. 
synchronous converter is also of a plug-in type and is located immedi- 
ately behind the control panel on top of the main recorder case. 

The appearance of the recorder with paper-chart drive removed is 
shown in Figure 3. The external appearance of a servo-amplifier chan- 
nel is shown in Figure 4. A photograph of the entire equipment includ- 
ing cable measuring sheave gear box and electrode test unit is given in 
Figure 5. 


V. EXAMPLES OF ELECTRICAL WELL LOGS OBTAINED 
WITH THE RECORDER 


¢ 

A representative example of an electrical log obtained with the 
recorder is shown in Figure 6. The log was run in a bore hole located 
in Meade County, Kansas, and represents two different resistivity 
configurations taken simultaneously. The initial gain setting on each 
channel (for inside traces) was 36 db. below maximum with ground 
current set at 40 ma.r.m.s. The log also shows the use of relogging 
technique. The two inside traces represent the initial amplitude set- 
ting for two distinct resistivity configurations logged simultaneously. 
The two outside traces represent a relog at a 12 db. step-up in gain. 
This technique makes it possible not only to preserve the amplitude 
relationship of important marker beds but also to make a more accu- 
rate study and correlation of the “‘dead’’ portions of logs. 












































A RECORDING SIX-TRACE CATHODE-RAY 
OSCILLOGRAPH* 


WARD SHEPARD, JR.,f anv G. L. BEYER, JR.t 


ABSTRACT 


A portable, general purpose six-trace cathode-ray oscillograph is described. Eight 
2-inch cathode-ray tubes are arranged side by side in a line. Six of these tubes have 
individual d.-c. amplifiers with high gain, high input impedance, good high-frequency 
response, and excellent stability. The two outside cathode-ray tubes provide calibrated 


timing pulses. 
A removable camera with a fast lens photographs the cathode-ray tubes on 35-mm. 


film, to give a continuous displacement-time record of the cathode-ray spots. The film 
may be driven past the lens aperture at speeds continuously variable from a few inches 
per second to 13 feet per second. A 100-foot film supply system can be used, or a 10- 
inch strip can be fastened around the drive drum for short records. 

Film can be processed rapidly, and readily examined with a viewer having a 5 to 
10 diameter magnification. More complete analysis of records can be made from en- 


largements. 


INTRODUCTION 


By the summer of 1944 the Naval Ordnance Laboratory had de- 
veloped a three-trace cathode-ray oscillograph for use in three-direc- 
tional vibration studies. This oscillograph used three 2-inch cathode- 
ray tubes with individual single-stage amplifiers and a General Radio 
Type 651-AE Oscillograph Recorder built up in a light-tight box. This 
oscillograph was used successfully in vibration measurements, but 
was big and awkward, and not suitable for genera] purpose recording. 
It was at this time that the Naval Ordnance Laboratory decided to 
build a portable six-trace cathode-ray oscillograph for general labora- 
tory and field use. 

This new-type oscillograph has overcome several serious disad- 
vantages that are found in the multi-element magnetic-string type 
oscillograph, an instrument which has been widely used in geophysical 
seismograph work. Even with great loss in sensitivity, the magnetic 
oscillograph has an upper frequency response which is not sufficiently 
high to record the wide variety of transient and periodic signals to be 
found in laboratory and field measurements. When it is necessary to 
use galvanometer elements that have a high natural frequency, elabo- 
rate external amplifiers are often required, with a resultant loss of d.-c. 


* Manuscript received by Editor, April 11, 1947. 
t Electrical engineer,’Naval Ordnance Laboratory, Washington, D. C. 
t Batelle Memorial Institute, Columbus, Ohio. 
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response. The Six-Trace Cathode-Ray Oscillograph has both the fre- 
quency response and sensitivity required for most field and laboratory 
recording, and is rugged and relatively free from microphone effects. 

A numoer of these recorders have been built by the Naval Ord- 





Fic. 1. The Six-Trace CR Oscillograph assembled for operation. 


nance Laboratory and are being used in many applications where one 
or more channels are needed. Some of these applications include: strain 
measurements using wire strain gages; transient and steady state 
vibration, acceleration, pressure, and temperature measurements; 
light measurements using photocells; and various types of timing 
measurements. 
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GENERAL LAYOUT AND OPERATIONS 


Basically the instrument consists of six somewhat unconventional 
d.-c. cathode-ray oscillographs, a 35-mm. moving-film camera to photo- 
graph the fluorescent spots of the 2-inch cathode-ray tubes, and a 
highly stabilized power supply system. The fundamental design prob- 


oT 





Fic. 2. Rear view of the front panel, showing the individual 
amplifiers and end channels. 


lem consisted of engineering the above basic equipment, plus numer- 
ous additional refinements, into as compact and rugged a unit as pos- 
sible, consistent with flexibility and reliability. The complete instru- 
ment as set up for operation is shown in Figure 1. On the bench is the 
main recording unit weighing 170 Ib. with dimensions of 22” X22" 
X23”; the power supply unit, shown under the bench on the floor, 
weighs 80 lb. and has dimensions of 18” X15” X10”. The recording 
unit houses six identica] amplifiers and two timing channels mounted 
side by side on a 3” steel main-control panel. Each amplifier and tim- 
ing channel is a separate and complete 5” X10" X2” chassis unit. 
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Mounting the channels in this manner is necessary for compactness 
and convenience in assembling the recorder (Fig. 2). It is especially 
valuable in field use, for if any trouble should develop in any one 
channel, it can be replaced easily. 

The removable camera uses a standard fast-emulsion 35-mm. film 
in lengths up to 100 feet. The film is driven over a drive drum by the 
belt-connected Graham transmission and 1/15-HP Bodine motor. 





Fic. 3. Side view of the recorder, showing the drive motor, camera, 
and synchronizing timer. 


When the film is swept past the wide-angle Bausch and Lomb Baltar 
lens (25 mm., f: 2.3), a continuous displacement-time record of the 
eight cathode-ray spots is made. The exposed film is wound onto the 
- take-up reel by a slip drive from the supply reel. The Graham trans- 
mission provides continuous variation of film speed from about 4 
inches per second to as high as 13 feet per second. If a high speed rec- 
ord is enlarged ten diameters, as is done frequently for detailed analy- 
sis, an effective time-scale of 130 feet for each second is attained. Film 
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is conserved by a clutch and automatic brake which rapidly starts 
and stops the drive drum. 

Frequently it is convenient to record high-speed transients on a 
short strip of film fastened around the circumference of the drive 
drum. This is possible if the initiation of the phenomenon to be re- 
corded can be synchronized with the exposure of the film strip. A 
synchronizing unit called the mechanical timer was designed as part 
of the oscillograph for use in such drum operation of the camera. The 
timer, shown beside the camera in Figure 3, is geared to the camera 
drum. With the cathode-ray beams positioned off the tube faces and 
the drive drum rotating continuously at the desired film speed, a lever 
on the timer can be thrown manually, causing a cam to travel along a 
drive screw. This cam trips three microswitches, two of which are 
mounted in fixed positions. The first of the fixed switches, positions 
the beams to the center of the cathode-ray tube faces so that record- 
ing begins; the second, returns the beams to their non-recording posi- 
tion at the end of one drum revolution. The other microswitch is used 
to initiate the phenomenon to be studied, and can be set for any 
reasonable time during or before the film exposure. Records up to 10” 
long can be made using drum operation of the camera, at film speeds 
as high as 38 feet per second. 

Other features of the recording unit include an optical system for 
visual observation of the CR screens through a port on the front 
panel, an oscillator unit for time-base and amplifier-sensitivity cali- 
bration, and a film titling device. All electrical controls are located on 
the front panel dnd are easily accessible while observing the CR-tube 
screens through the viewing port. The optical system and general 
arrangement of the recorder are shown in Figure 4. 


ELECTRONIC CIRCUIT SPECIFICATIONS 


The d.-c. amplifiers consist of two direct-coupled push-pull stages 
driving the CR tubes. Overall voltage gain of the d.-c. amplifiers is 
8,000 with a resultant sensitivity of o.o1 volts rms. for 13-inch deflec- 
tion of the CR beams. Frequency response of the amplifier is flat from 
zero to 40,000 cps. and is down 6 db. at 100,000 cps. After a twenty- 
minute stabilization period, drift of the cathode-ray spots on the tube 
faces is less than } inch in fifteen minutes. 

To provide a time base on the records, accurately calibrated square 
waves are applied 180 degrees out of phase with each other to the two 
outside CR tubes. The three square-wave frequencies available, 40 
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cps., 200 cps., and 1000 cps., amply cover the wide range of film speeds. 

The power supply unit, external to the recording unit, contains 
electronically regulated direct-current power supplies. Excellent volt- 
age stability is required for minimum drift of the d.-c. amplifiers. 


FILM HANDLING METHODS 


A simple but reliable method of titling the film after each exposure 
is incorporated in the recording unit. Two miniature 3-watt 115-volt 
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Fic. 4. Sectional view of the recorder. 


incandescent bulbs are located 6 inches apart just above the large 
viewing mirror (Fig. 4). When a condenser is discharged through these 
lamps a flash of light is produced sufficient to photograph file cards 
which have been titled and placed in front of the CR tube faces. The 
time constant of this discharge can be set to provide correct exposure 
for any type film. 

The camera can be loaded in a dark room or light-tight closet when- 
ever panchromatic films are used. In unusual field conditions, where 
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no closet is available, a light-proof change-bag can be used to load the 
short film strips for drum operation. One-hundred foot supply reels, 
pre-loaded with film, can be daylight loaded into the camera if 5 to 10 
feet of film are allowed at each end as a protective leader. 

Film processing and viewing has been made relatively simple and 
rapid. A Morse G-3 daylight developing tank was modified for semi- 
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Fic. 5. Sample oscillogram. Traces include 50 kc, 20 kc, 10 kc. and 5 kc. The 
two outside timing traces show the top of 1-kc. square waves. 


automatic processing. A synchronous motor drives up to 100 feet of 
film from one reel to another, automatically reversing itself at each 
end of the film. Solutions are poured into a light-tight hole at the top, 
and removed by a drain plug at the bottom. With high speed devel- 
oper and fixing bath, 100 feet of film can be processed in less than 
twenty-five minutes. About ten minutes are required for 10-inch 
drum strips when using a standard miniature camera daylight develop- 
ing tank. 

Viewing of the film record is accomplished in one of several ways 
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depending upon time and accuracy considerations. A high quality 
magnifying glass is very satisfactory for initial viewing, even for , 
small detail. For greater accuracy, however, projection, such as by a 
micro-film viewer, is required. For permanent records or detailed 
analysis work where time is not of great importance, photographic 
enlargement of from five to fifteen diameters is the best general meth- 
od. In recording high frequencies, the high writing speed of the fluores- 
cent spot requires the use of a very fast emulsion film, such as East- 
man Recording Negative. For medium and low frequencies, slower 
films are preferable because of their finer grain and higher resolving 
power. Figure 5 shows a sample record of six sinusoidal signals, and 
demonstrates the recording capabilities of the instrument using East- 
man Recording Negative film. 
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VEHICLE BORNE INSTRUMENT FOR CONTINUOUSLY 
INDICATING ROAD ELEVATIONS* 


D. SILVERMAN}, J. D. EISLER¢, anp J. F. EVANS} 


ABSTRACT 


An electromechanical device mounted in a moving vehicle capable of indicating 
differences in elevation between.successive points along a traverse is described. Prin- 
ciple of operation, constructional details and operating techniques are treated at length. 
Examples of elevation survey data obtained with the instrument under actual field 
conditions are presented. 


I. INTRODUCTION 


This paper will describe an electromechanical device mounted in a 
moving vehicle that will indicate differences in elevation between 
points along a path traversed by the vehicle. The accuracy of the in- 
strument compares favorably with the accuracy of alidade surveying. 
However, it possesses inherent advantages over the latter in the mat- 
ter of speed of the survey, reliability of data, minimization of the hu- 
man error and lower cost of the survey per mile of traverse. This in- 
strument may be used under any condition of terrain and its opera- 
tion is limited only by the terrain handling capacity of the vehicle in 
which it is mounted. 

The instrument may be used in any field of endeavor where ter- 
rain elevation determinations are required. For example, it may be 
successfully employed in road building, railroad surveys, canal con- 
struction, water-line and pipe-line laying, excavation, and other work 
related to the field of civil and military engineering. In addition, an 
extensive use for such an instrument is offered by the fields of geo- 
physical prospecting and geodesy. 

The precision obtainable with this instrument at the present time is 
largely limited by the dynamics and the stability of the vehicle in 
which it is mounted. A somewhat higher precision may be obtained 
provided certain additional care is exercised during the survey. How- 
ever, the accuracy of the survey is largely independent of the speed of 
the vehicle and the manner of driving. The instrument yields closure 
errors which are similar in nature to closure errors obtained in survey- 


* Presented before the Los Angeles, Houston, Tulsa and Pittsburgh meetings of the 
Society, 1947. Manuscript received by the Editor, May 21, 1947. 
t Stanolind Oil and Gas Company, Tulsa, Oklahoma, 
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ing by standard methods and are, therefore, amenable to distribu- 
tion as a function of the distance traveled. Satisfactory results are ob- 
tained in continuous loops up to twenty miles in length, though shorter 
loops are preferable. 


II. PRINCIPLE OF OPERATION 


The instrument operates on the slope-integration principle wherein 
the instantaneous slope of the path traversed by the vehicle is deter- 














aN 


Fic. 1. Illustration of the basic principles involved in the operation 
of the instrument for elevation surveying. 


mined from the angle between the normal to the vehicle bed and the 
vertical. The vertical is determined by a pendulum mounted in the 
vehicle in such a manner that the axis of rotation of the pendulum is 
transverse to the direction of motion of the vehicle. From Figure 1 
it is evident that the angle between the pendulum P and a normal to 
the vehicle bed R is equal to the angle between the tangent line to the 
path and the horizontal. Assuming that the vehicle bed is parallel at 
all times to the line representing the instantaneous slope of the path, 
the incremental elevation dh between two points ds apart is equal to 


dh = sin 0 ds, (1) 


where @ is the angle between the path slope and the horizontal. 

If the angle @ varies from point to point along the traversed path s, 
the summation of products of sines of instantaneous angles and incre- 
mental distances traversed gives the elevation difference between the 
two points along a traverse, thus 
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8 
Hap -f sin 6 ds. (2) 
0 

The factor for the determination of the distance is conveniently ob- 
tained from one of the wheels of the vehicle. The integration process is 
carried out by the use of a Kelvin disk and wheel, wherein the disk is 
rotated proportionally to the distance traversed and the position of 
the wheel with respect to the center of the disk is made proportional 
to sin 6. 

Any modern self-propelled vehicle is capable of rapid acceleration 
and deceleration. It may be easily seen that if a free pendulum is car- 
ried in such a vehicle, it will be by its very nature responsive to these 
fore and aft disturbing forces. The integration of the motion of the 
pendulum due to the acceleration introduces appreciable errors in 
elevation measurement that are in general a function of the duration 
and frequency of acceleration or deceleration necessary during the 
course of driving. In order to obviate these difficulties, an electro- 
mechanical acceleration compensator is incorporated into the device 
which applies a torque to the pendulum equal and opposite to the 
mechanical torque experienced by the pendulum during the period of 
acceleration or decleration of the vehicle. It may be noted, in passing, 
that if the vehicle is driven at a substantially constant speed, both the 
direct and compensating torques are substantially equal to zero. 

The electromechanical torque necessary for compensation is ob- 
tained from a generator geared to one wheel of the vehicle. The voltage 
from this generator is proportional to the velocity of the vehicle, 


Ci ki(ds/dt), (3) 


where e is voltage of the generator, s the distance traveled, and k; a 
constant. Through a process of electrical differentiation, a current is 
obtained which is approximately proportional to the derivative of this 
voltage and, therefore, to the acceleration of the vehicle: 


4 = ke (de/dt) = ks(d?s/di?). (4) 


This current is passed through a coil mounted on the pendulum shaft 
and capable of rotation in a uniform magnetic field. Since torque due 
to the coil is proportional to current in the coil, the torque is propor- 
tional to the acceleration of the vehicle: 


Torque = t = — ka(d?s/dt?). (5) 
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The minus sign indicates that the torque acts on the pendulum in the 
opposite sense to the torque produced by the acceleration of the 
vehicle. 

The angle of rotation of the integrating wheel, which is propor- 
tional to the elevation between points along a path traversed by the 
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Fic. 2. Schematic diagram of the surveying instrument showing the 
inter-relation of the various electromechanical components. 


vehicle and, also, the distance traversed may be presented to the 
surveyor in a variety of ways. One method consists of reading eleva- 
tion and distance from revolution counters coupled to appropriate 
points in the instrument. A second method consists of printing the 
readings of both the distance and elevation counters. These determin- 
tions give elevation and distance at discrete points along the path and 
are satisfactory for many applications. It is possible also to plot an 
elevation profile as a function of the ground distance or the horizontal 
component of the distance traversed by the vehicle. 
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III. CONSTRUCTIONAL DETAILS 


The mechanization of the principles involved may be most easily 
understood from the schematic diagram shown in Figure 2. The ele- 
vation meter comprises a pendulum mounted with its axis of rotation 
transverse to the direction of motion of the vehicle. The pendulum is in 
the form of a light disk of metal suspended by two horizontally, dis- 
posed torsional fibers under tension. The disk is supported slightly off 
center and acts as a Jong-period pendulum. A permanent magnet 
Structure attached to the base of the instrument provides electro- 
magnetic damping of the pendulum. A mirror is mounted on the axis 
of the pendulum. A lamp house is provided which is capable of rota- 
tion about the axis of rotation of the pendulum. Light from the lamp 
house is projected radially inward and is reflected from the mirror onto 
a stationary prism. The prism splits the light between two stationary 
photocells. The outputs of the photocells are fed to a servo-amplifier 
which energizes a reversible motor. The motor, in turn, drives the light 
source by means of a rack and pinion arrangement in such a way that 
the translation of the rack is proportional to the sine of the angle of 
tilt of the pendulum. Thus, if the pendulum is deflected from its neu- 
tral position, the amplifier becomes unbalanced and causes the motor 
to move the lamp house in such a direction as to restore balance. In 
addition, the rotation of the motor positions an integrating wheel 
whose plane is perpendicular both to the plane of and the diameter of 
a rotatable disk. The disk is driven proportional to distance traversed 
and since position of the wheel with respect to the center of the disk is 
proportional to sine of the angle of tilt, the output of the wheel is 
proportional to the integral of the sine of tilt angle times the in- 
cremental distance. 

The acceleration compensator consists of a d.-c. tachometer gen- 
erator geared to one of the wheels of the vehicle. The output of the 
generator is fed through a fixed condenser to a multi-turn coil mounted 
rigidly on the axis of the pendulum. The coil is placed in a radial 
magnetic field of a permanent magnet structure mounted on the base 
of the instrument. Since the voltage output of the generator is pro- 
portional to the velocity of the vehicle, the current through the coil 
and, therefore, the torque on the pendulum is proportional to the 
acceleration of the vehicle. By shunting the coil with a variable resist- 
ance the amount of compensation may be readily adjusted. 

The entire unit is mounted in a vehicle on rubber shock mounts in 
order to filter out high frequency motor vibration and road shocks. 
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Fic. 3. Internal view of the surveying instrument with the outside case removed. 





Fic. 4. External appearance of the surveying instrument. 
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Fic. 5. A view of the surveying instrument including the power 
supply mounted in a passenger car. 


The unit is fed from the 6-volt vehicle battery. Plate-supply voltage 
for the servo-amplifier is furnished by a motor-generator set. Total 
power consumption is approximately 80 watts. The photograph of the 
instrument with the case removed is shown in Figure 3. 

In mounting the unit no special changes or additions to the vehicle 
are necessary except for coupling the generator and distance takeoff to 
one of its wheels. 

The external appearance of the instrument proper is shown in Fig- 
ure 4. The manner in which the instrument is installed in a car is il- 
Justrated in Figure s. 
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IV. OPERATIONAL DETAILS 


In running a survey with this instrument, no particular limitations 
are imposed upon the speed of the vehicle, and the speed in general is 
left to the driver’s discretion and depends solely upon the roughness 
and the slope of the terrain. The vehicle may be stopped and started 
during the course of survey as many times as desired. The only pre- 
caution to be mentioned is the sudden application of brakes on wet, 
slippery or gravel roads which cause the vehicle wheels to slip. The 
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Fic. 6. Scatter diagram showing the results of a number of consecutive 
runs obtained with the surveying instrument on a mile-long course. 


slippage will introduce errors not only into the distance component 
but into the compensating mechanism as well. 

The instrument is capable of handling almost any type of road or 
trail and even cross-country driving. The limitation rests solely with 
the vehicle in which it is mounted. Since the instrument is designed to 
be mounted in a standard make of passenger car, it is designed to han- 
dle instantaneous or continuous slopes up to +39 percent sine grade 
or + 23 degrees. However, if desired, the slope handling capacity may 
be easily reduced or increased. 

The instrument is able to withstand road shocks and is adequately 
rugged. The reliability of performance is satisfactory within the accu- 
racy given and the reliability is further enhanced by a warning system 
which tells the operator of the possible failure of the light source, loss 
of compensation and improper operation of the servo-system. 
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Fic. 7. Error-frequency graph obtained as the result of an elevation 
survey in Lincoln County, Kansas. 


V. REPRESENTATIVE DATA 


Over a given one-mile stretch of road of moderate roughness, the 
elevation meter, on repeated trials, will repeat itself with an average 
variation of about 0.3 foot from its own mean, and with a maximum 
spread of values of about 1 foot. For example, Figure 6 represents a 
scatter diagram showing 15 consecutive values obtained with the 
meter of the elevation difference between two points one mile apart on 
a medium-rough gravel road. Here the maximum spread of the values : 
was 0.8 feet, and the average variation from the mean, about +0.2 
foot. 5 
Figure 7 shows an error-frequency graph obtained from two days 
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Fic. 8. Results of a large-scale survey performed with the surveying 
instrument in Caddo County, Oklahoma. 


of testing on a Jine of level-established bench marks in Lincoln County, 
| Kansas. The road along which the meter car had to travel was 16 miles 
of fairly smooth gravel, with eight miles of pavement. Errors made 
over the paved stretches were, in general, larger than those made over 
the gravel, but all have been lumped together. In Figure 7, the num- 
ber of errors between —o.1 foot and +0.1 foot inclusive, +-0.2 foot 
and +0.4 foot, inclusive, —o.2 and —o.4 inclusive, etc., have been 
plotted against the magnitude of the average error of the group. The 
resulting polygon graph fits roughly into a typical random-error fre- 
quency curve having a probable error of 0.4 foot. Horizontal dis- 
tances between consecutive bench marks averaged one half mile. 
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An example of a fairly large scale elevation survey performed with 
the instrument described above is given in Figure 8. The survey 
covered two complete townships in Caddo County, Oklahoma, and the 
results were used subsequently for correcting gravity values. The 
survey began along a line of U.S.G.S. bench marks on the east edge 
of the township and progressed in a general northwesterly direction. 
Elevation stations were established at half-mile intervals around each 
section. Two north-south transit lines were run upon the completion 
of the survey which acted as a check on the instrument performance. 
The meter data were tied into a line of U.S.G.S. bench marks running 
on the north edge of the prospect. The largest error between the 
meter and the U.S.G.S. bench mark occurred at the north-west corner 
of the prospect, the error amounting to —1.3 foot. Mis-ties between 
the meter elevations and transit lines were somewhat greater, the 
largest being +1.9 feet on the south edge of the prospect. 
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PATENTS* 
12—ACOUSTIC MEASUREMENTS 


U.S. No. 2,414,495. A. Vang. Iss. 1/21/47. App. 1/15/43. 

Method and Means for Precipitating Fog. A method of coalescing fog particles by 
subjecting the foggy atmosphere to sonic or supersonic vibrations of changing and 
random frequencies. 


U. S. No. 2,416,155. L. W. Chubb. Iss. 2/18/47. App. 3/27/43. Assign. Westinghouse 

Electric Corp. 

Position Locator. An acoustic ranging system in which a beam from a continuous 
sound source scans the area and reflected energy is picked up on pairs of receivers and 
mixed with some of the direct energy to produce beats, the direction being determined 
by a binaural observation on the beat note. 


U. S. No. 2,417,927. G. M. Giannini. Iss. 3/25/47. App. 3/22/43. Assign. Automatic 

Electric Laboratories, Inc. 

Sound Direction Finder. A sound direction finder having two nested microphones 
one having a single lobe direction characteristic and the other having a characteristic 
with a minimum in the direction of the other’s maximum, the microphones being 
rotated together in a housing until the signal from one is a maximum and from the 
other is a minimum when relays actuate an indicator. 


16—AIRPLANE FLIGHT INSTRUMENTS 


U.S. No. 2,414,976. W. S. Redhed. Iss. 1/28/47. App. 6/30/41. 


Flight Recording Instrument. A mechanical recorder which records on a chart the 
accelerations and movements of an airplane and the attitude of its control surfaces. 


U.S. No. 2,416,772. F. A. Reece. Iss. 3/4/47. App. 5/17/43. 


Pilotage Rotameter. A navigation computer and map measuring instrument having 
a wheel which may be traced over a mapped course, the wheel being geared to a dial 
which indicates flight time for any assumed ground speed. 


U.S. No. 2,417,032. I. Wolff and J. L. Hathaway. Iss. 3/4/47. App. 2/28/39. Assign. 
Radio Corp. of America. 


Electric Altimeter. An altimeter which has a radio-pulse echo type altimeter for 
high altitude indications on a c-r tube and a capacity bridge type altimeter which at 
low altitudes biases the c-r tube to show low altitude indications. 


U. S. No. 2,417,033. I. Wolff and J. L. Hathaway. Iss. 3/4/47. App. 2/28/39 and 
and 12/27/45. Assign. Radio Corp. of America. 


Altimeter. An altimeter which has a frequency-type radio altimeter for high altitude 
indications and uses a capacity-bridge type altimeter with a self balancing bridge for 


low-altitude indications. 
* Abstracts by O. F. Ritzmann, Gulf Oil Corporation. 
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48—CASING PERFORATOR 


U. S. No. 2,414,900. J..B. Schiavon. Iss. 1/28/47. App. 6/8/45. Assign. Direccion 
General De Yacimientos Petroliferos Fiscales. 


Perforator with Projectiles. A casing perforating gun in which the shear diaphragm 
is between the powder and the bullet and has a small slotted opening through which 
the explosive is ignited from a longitudinal flash passage. 


U.S. No. 2,416,441. J. Grant and J. J. Santiago. Iss. 2/25/47. App. 11/3/44. Assign. 
Grant Oil Tool Co. 


Determination of Well Pipe Perforations. A device for obtaining an impression of 
casing perforations and indentations, having a cylindrical expandable plastic sheet 
which is hydraulically expanded to contact the inside of the casing. 


64—COMMUNICATION DEVICE 


U. S. No. 2,414,719. R. T. Cloud. Iss. 1/21/47. App. 4/25/42. Assign. Stanolind Oil 
and Gas Co. 

Transmission System. An arrangement for transmitting electrical signals through 
drill stem or pipe line in which the line sections are inductively coupled at the joints 
with half the transformer core in each screw joint section and with a condenser in the 
line to produce resonance at operating frequency. 


80—CORE BARREL 
U.S. No. 2,414,133. W. B. Barr. Iss. 1/14/47. App. 3/19/46. 


Ejector for Core Drills. A core drill having a central plunger with a pin extending 
through slots in the housing and held up by an external spring, the plunger being de- 
pressed against the spring to eject the core. 


92—DRILL 


U. S. No. 2,416,036. W. G. Zimmerlein and L. R. C. Siebert. Iss. 2/18/47. App. 
12/11/44. 
Posthole Digger. A tractor-mounted posthole drill powered by the tractor engine 
and having a differential through which both rotary drive and power feed are driven. 


104—EARTH AUGER 
U.S. No. 2,415,572. J. C. Jaques. Iss. 2/11/47. App. 2/1/46. 


Earth Auger. An earth boring unit mounted on a skid frame with hydraulic control 
to raise and lower the boring tool and arranged so that the mast may be swung in a 
transverse arc. 


108—ECHO SOUNDING 


U.S. No. 2,414,695. F. Massa. Iss. 1/21/47. App. 10/31/39 and 5/1/42. Assign. Radio 
Corp. of America. 


A pparatus for Locating Sound Sources. A directional sound detector having a plane 
circular array of pressure-gradient microphones mounted with their axes parallel and 
normal to the plane and with a cam for adjusting the distances between them, the 
microphones being connected in series. 
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U.S. No. 2,414,699. H. F. Olson and F. A. Hester. Iss. 1/21/47. App. 12/30/44. Assign. 
Radio Corp. of America. 
Magnetostrictive Signal Translating Apparatus. An underwater microphone in 
which a magnetostrictive element is arranged diametrically across the inside of a hollow 
cylinder closed at the ends. 


U.S. No. 2,415,119. R. Wellenstein. Iss. 2/4/47. App. 7/8/38 and 7/5/39. Vested in 
Alien Property Custodian. 
Apparatus for Measuring Distances. An echo sounding apparatus in which the 
echo time is indicated on a voltmeter shunted by a condenser and having a relay which 
discharges the condenser to indicate failure of the device if an echo is not received. 


U. S. No. 2,415,855. A. M. Skellett. Iss. 2/18/47. App. 7/26/44. Assign. Bell Tele- 
phone Laboratories, Inc. 
Range Indicator. A distance indicator for pulse echo systems in which the time 
intervals of a controlled pulse and the reflected pulse are compared and coincidence 
indicated on a “magic eye”’ tube. 


U.S. No. 2,416,155. L. W. Chubb. Iss. 2/18/47. App. 3/27/43. Assign. Westinghouse 

Electric Corp. 

Position Locator. An acoustic ranging system in which a beam from a continuous 
sound source scans the area and reflected energy is picked up on pairs of receivers and 
mixed with some of the direct energy to produce beats, the direction being determined 
by a binaural observation on the beat note. 


U.S. No. 2,416,314. B. M. Harrison. Iss. 2/25/47. App. 12/19/39. Assign. Submarine 
Signal Co. 
Electro-acoustic Transducer. A piezoelectric crystal hydrophone having a hexagonal 
radiator excited by crystals against six faces and also one end face so that radiation 
occurs in all directions. 


U.S. No. 2,416,324. E. Klein. Iss. 2/25/47. App. 7/16/36. 

Acoustical Apparatus. An underwater microphone having an impervious case with 
at least one face made of a material the product of whose density by sound velocity is 
the same as water so as to be non-absorbing to acoustic waves, the case being filled with 
a fluid in which the transducing element is immersed. 


U. S. No. 2,417,927. G. M. Giannini. Iss. 3/25/47. App. 3/22/43. Assign. Automatic 

Electric Laboratories, Inc. 

Sound Direction Finder. A sound direction finder having two nested microphones 
one having a single lobe direction characteristic and the other having a characteristic 
with a minimum in the direction of the other’s maximum, the microphones being ro- 
tated together in a housing until the signal from one is a maximum and from the 
other is a minimum when relays actuate an indicator. 


I16—ELECTRIC LOGGING 


U. S. No. 2,414,194. G. H. Ennis. Iss. 1/14/47. App. 3/31/37. Assign. One-half to 
R. V. Funk. 
Method of and A pparatus for Locating Formations in Cased Wells. A method of elec- 
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trically logging a cased hole by applying a current between the casing and a ground 
electrode at the surface and logging with a movable electrode centered in the casing. 


U.S. No. 2,414,899. W. M. Rust, Jr. Iss. 1/28/47. App. 9/14/40. Assign. Standard 
Oil Development Co. 


Well Logging. A system for obtaining natural potential, single-electrode impedance 
and four-electrode mutual impedance simultaneously over a single-conductor cable by 
having an a-c generator at the surface supplying the cable and connected through a 
band-pass filter to ground to give single-electrode impedance and natural potential, and 
a distortion network in the well apparatus to set up distortion components in proportion 
to the four-electrode potential and which is measured through a high pass filter at 
the surface. 


U. S. No. 2,415,364. W. D. Mounce. Iss. 2/4/47. App. 12/29/41. Assign. Standard 
Oil Development Co. 


Logging Bore Holes. A system for electrically logging of several well parameters 
over a single-conductor cable by converting the power fed down the cable into carrier 
frequencies, the carrier generated during one half of the power cycle being in proportion 
to the parameter and the carrier generated in the other half of the power cycle being a 
reference signal. 


U. S. No. 2,415,636. E. A. Johnson. Iss. 2/11/47. App. 5/29/42. Assign. Standard 
Oil Co. 


Method and Apparatus for Logging Wells. An electric-resistivity logging system in 
which a well calipering arm varies the separation between two auxiliary electrodes ex- 
posed to the well fluid and connected in circuit so as to correct the primary log for con- 
ductivity of well fluid and for well diameter. 


124—ELECTRICAL PROSPECTING 


U. S. No. 2,413,788. W. E. Sargeant and H. B. Hoeper. Iss. 1/7/47. App. 5/11/42. 
Assign. General Motors Corp. 


Amplifier for Small Voltages. A d-c amplifier in which the d-c is alternately con- 
nected by a motor driven contactor to the two sides of a center tapped transformer, the 
secondary voltage amplified and synchronously rectified by a similar contactor on a 
center tapped output transformer. 


U. S. No. 2,417,609. D. S. Muzzey, Jr. and R. D. Miller. Iss. 3/18/47. App. 9/8/41 
and 7/28/43. Assign. Shell Development Co. 


Electronic Commutator. An electronic commutator having four thyratrons con- 
nected as a full-wave rectifier and having their grids controlled by the square-wave 
current source. 

136—EXPLOSIVE 
U.S. No. 2,413,862. A. M. Cohan. Iss. 1/7/47. App. 3/11/43. Assign. Atlas Powder 
Co. 


Blasting Explosive. A dynamite cartridge with channels of tapered width cut in the 
outer wrapper, the cartridges being connected end to end by means of a sleeve having 
internal projections which engage the tapered channels when rotated. 
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U.S. No. 2,415,045. F. R. Seavey. Iss. 1/28/47. App. 6/2/39. Assign. Olin Industries, 
“Inc. 
Explosives. An electric blasting cap having a plastic shell and explosive charges of 
preformed tablets. 


U.S. No. 2,415,422. R. E. Fogg. Iss. 2/11/47. App. 1/28/43. Assign. E. I. du Pont de 
Nemours & Co. 


Blasting Explosive Assembly. A tubular coupling unit for dynamite cartridges hav- 
ing internal metal ferrule grips with corrugated edges facing away from the end of the 


tube. 


U.S. No. 2,416,077. S. T. Yuster. Iss. 2/18/47. App. 8/13/43. Assign. The Bradford 

District Pennsylvania Oil Producers Association. 

Well Torpedo. A well shooting torpedo having an outer container of the same di- 
ameter as the well and a replaceable inner container whose size may be adjusted to 
give the desired explosive capacity in the annular space between them, the inner 
container being filled with inert incompressible material. 


140—FLAW DETECTOR 


U.S. No. 2,415,789. C. Farrow. Iss. 2/11/47. App. 6/13/42. Assign. Republic Steel 
Corp. 
Nondestructive Electrical Testing of Metals. An inductive magnetic testing method 
in which phase modulation of the exciting field is detected and amplitude modulating 
effects cancelled out. ; 


U.S. No. 2,416,824. T. de Forest. Iss. 3/4/47. App. 7/22/42. Assign. Magnaflux Corp. 


Method and Means for Magnetic Inspection. A method of magnetically testing a 
steel part for flaws by placing it in a rotating magnetic field, and distributing para- 
magnetic powder on the surface of the specimen. 


148—FLOW METER 


U. S. No. 2,414,086. N. Brewer. Iss. 1/14/47. App. 11/25/43. Assign. Fischer & 
Porter Co. 


Fluid Meter. A remote indicating and recording rotameter type of flow meter in 
which the float is connected to an armature with coils in an impedance bridge circuit, 
the recording unit also having an integrating mechanism. 


U.S. No. 2,414,582. L. E. Crosby and. C. W. Trautman. Iss. 1/21/47. App. 2/26/44. 
Assign. Bendix Aviation Corp. 
Fluid Flow Measuring A pparatus. A multirange airflow meter for engine carburetor 
testing in which the proper differential pressure scale is brought into reading position 
whenever the flow orifice is changed. 


U.S. No. 2,417,352. C. E. Cox. Iss. 3/11/47. App. 6/19/44. 


Flowmeter. A rotameter type of flowmeter in which the transparent upright tube 
has grooves of variable width or depth and the inside diameter of the lands is uniform 
so that the float cannot wobble. 
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168—GAS ANALYSIS 
U.S. No. 2,414,876. L. Horvitz. Iss. 1/28/47. App. 3/10/41. Assign. E. E. Rosaire. 


Gas Analysis. A soil gas analysis system in which the combustible components of 
the gas are condensed in a trap, transferred by evaporation and condensation to a 
combustion zone and burned, and the combustion preducts condensed in the trap and 
measured. 

172-GEOCHEMICAL PROSPECTING 
U.S. No. 2,414,913. P. S. Williams. Iss. 1/28/47. App. 5/18/42. Assign. Standard Oil 

Development Co. 

Soil Gas Prospecting. A method of soil gas prospecting in which the average per- 
meability of the soil is determined by sealing off one part of the sampling hole and meas- 
ing the flow of a tracer gas to another sealed off part of the hole and the variations of 
permeability used to correct soil gas concentration values. 


188—HYGROMETER 
U. S. No. 2,415,776. S. B. Walton. Iss. 2/11/47. App. 5/5/45. 

Dew Point Recording Apparatus. Apparatus for continuously recording the tem- 
perature at which condensation from a gas occurs by passing the gas past a plate one 
end of which is above the dew point and the other end below the dew point and photo- 
electrically detecting the edge of the condensation on the plate. 


192—INCLINOMETER 


U. S. No. 2,415,249. G. L. Kothny. Iss. 2/4/47. App. 7/28/43. Assign. Sperry-Sun 
Well Surveying Co. 


Well Surveying Instrument. An inclinometer in which a pendulum marks a record 
disk by electrolytic action and having a pressure operated switch in the circuit arranged 
to open when the pressure decreases so that no record is made during false stops coming 
out of the hole. 

196—INFRA-RED MEASUREMENTS 
U. S. No. 2,414,566. P. Thomas. Iss. 1/21/47. App. 4/5/43. Assign. Westinghouse 

Electric Corp. 

Position Indicating Apparatus. A system for determining the range between co- 
operating ships on parallel courses in which one ship carries two infra-red light sources 
and the other scans them with revolving photocells which light a synchronously re- 
volving neon lamp on an indicator. 


200—LEVEL INDICATORS 


U. S. No. 2,416,059. W. T. Marchment. Iss. 2/18/47. App. 10/24/42 and 9/27/43. 
Assign. Evershed and Vignoles, Ltd. 


Electrical Apparatus for Indicating Liquid Levels. An electrical liquid level gauge 
in which a cylindrical float rolls on two guide wires each of which makes one turn about 
the float and in which the float contacts a resistance connected in the indicating 
circuit. 

204—LOGGING RECORDER 
U. S. No. 2,415,879. N. A. Hassler. Iss. 2/18/47. App. 7/31/44. Assign. Halliburton 
Oil Well Cementing Co. 


Electrical System for Use in Photorecording. A photographic recorder for well logging 
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in which the recording lamp brightness is varied with the tape speed by a chopper and 
photocell which controls the filament power supplied to the lamp. 


U.S. No. 2,415,880. N. A. Hassler. Iss. 2/18/47. App. 7/31/44. Assign. Halliburton 
Oil Well Cementing Co. 


Electrical System for Use with Recording Meters. A galvanometric photographic 
recorder for well logging in which the recording lamp brightness is varied with the 
tape speed by a chopper and photocell controlling the lamp’s filament power, and bright- 
ness also varied with the transverse light spot speed by controlling the filament power 
through an amplifier in response to the rate of change of galvanometer signal. 


216—MAGNETIC COMPASS 


U.S. No. 2,414,448. L. F. Carter. Iss. 1/21/47. App. 11/6/41. Assign. Sperry Gyro- 
scope Co., Inc. 


Gyro-Magnetic Compass System. A compass system having a primary compass and 
a secondary compass which carries the middle plate of a condenser whose two outer 
plates are connected in a capacity bridge whose balance controls the azimuthal position 
of a gyro, the gyro position controlling the position of the outer condenser plates by an 
electrical repeater. 


224—MAGNETIC RECORDER 


U.S. No. 2,415,133. J. H. Heineman. Iss. 2/4/47. App. 7/28/45. Assign. C. G. Conn 
Ltd. 


Magazine for Magnetic Recording Apparatus. A magazine casing and spool for 
magnetic recording wire, the casing having a slide which clamps the wire, closes the 
opening through which the wire passes and also engages the spool to keep it from 
turning. 


U.S. No. 2,416,090. A. V. de Forest. Iss. 2/18/47. App. 2/17/43. Assign. The Baldwin 
Locomotive Works. 


Strain Measuring and Recording Apparatus. A magnetic strain recording system 
in which a number of strain gauge signals are applied to an equal number of magnetic 
recorder heads with a stationary steel record tape, the tape being afterwards cut up and 
run through a reproducing head. 


U. S. No. 2,416,279. S. J. Begun. Iss. 2/25/47. App. 1/22/43. Assign. The Brush 
Development Co. 


Magnetic Signal Reproducing Means. A magnetic tape reproducer having two ad- 
jacent reproducing heads one of which is a relatively long coil through which the 
wire passes and which is sensitive to low frequencies and the other of which has narrow 
pole pieces and is sensitive to high frequencies. 


U.S. No. 2,416,610. M. Camras and R. E. Zenner. Iss. 2/25/47. App. 12/26/42. Assign. 
Armour Research Foundation. 


Magnetic Recorder Utilizing an Energizing Oscillating Circuit. A compact portable 
magnetic recorder in which a high frequency a-c is applied to the recording head by an 
oscillator through a resonant circuit. 
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228—MAGNETIC TESTING 


U. S. No. 2,415,789. C. Farrow. Iss. 2/11/47. App. 6/13/42. Assign. Republic Steel 
Corp. 
Nondestructive Electrical Testing of Metals. An inductive electrical testing method 
in which phase modulation of the exciting field is detected and amplitude modulating 
effects cancelled out. 


U.S. No. 2,416,824. T. de Forest. Iss. 3/4/47. App. 7/22/42. Assign. Magnaflux Corp. 


Method and Means for Magnetic Inspection. A method of magnetically testing a steel 
part for flaws by placing it in a rotating magnetic field and distributing paramagnetic 
powder on the surface of the specimen. 


232—-MAGNETOMETER 


U.S. No. 2,414,654. F. W. Meredith. Iss. 1/21/47. App. 8/13/42 and 12/8/43. Assign. 
S. Smith & Sons (England) Ltd. 


Flux Valve. A flux valve whose core has three legs bridged together at the ends, the 
two outer legs having coils energized in the same direction by a pulsating d-c and the 
center leg having a pick-up coil. 


U.S. No. 2,415,808. O. E. Buckley. Iss. 2/18/47. App. 7/31/41. Assign. Bell Telephone 
Laboratories, Inc. 


Detection of Large Magnetic Bodies. A magnetic gradiometer using two flux-valves 
with single windings each being separately excited by synchronous oscillators and 
having a condenser and resistor in each output circuit, the resistors being connected 
in series opposition to an amplifier and indicator. 


236—MASS SPECTROMETRY 


U.S. No. 2,417,797. J. A. Hipple, Jr. Iss. 3/18/47. App. 4/27/44. Assign. Westingouse 

Electric Corp. . 

Mass Spectrometer. A pole piece construction for a mass spectrometer in which 
the pole pieces are mounted inside the spectrometer tube and the electromagnet is 
outside. 

244—MICROPHONE 


U. S. No. 2,414,489. J. E. Shomer. Iss. 1/21/47. App. 2/23/42. Assign. The Brush 
Development Co. 


Piezoelectric Device. A sound cell using a single bimorph element in a mounting 
with diagonally opposite quadrants of the crystal exposed on one side and the alternate 
quadrants exposed on the other side. 


U.S. No. 2,414,695. F. Masa. Iss. 1/21/47. App. 10/31/39 and 5/1/42. Assign. Radio 
Corp. of America. 


Apparatus for Locating Sound Sources. A directional sound detector having a 
plane circular array of pressure gradient microphones mounted with their axes parallel 
and normal to the plane and with a cam for adjusting the distances between them, 
the microphones being connected in series. 
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U.S. No. 2,414,699. H. F. Olson and F. A. Hester. Iss. 1/21/47. App. 12/30/44. Assign. 
Radio Corp. of America. 
Magnetostrictive Signal Translating Apparatus. An underwater microphone in 
which a magnetostrictive element is arranged diametrically across the inside of a 
hollow cylinder closed at the ends. 


U. S. No. 2,415,407. H. Benioff. Iss. 2/11/47. App. 12/9/42 and 11/26/43. Assign. 
Submarine Signal Co. 
Submarine Signaling Apparatus. A hydrophone having a magnetostriction micro- 
phone at the focus of a parabolic reflector. 


U.S. No. 2,415,832. W. P. Mason. Iss. 2/18/47. App. 12/31/42. Assign. Bell Telephone 
Laboratories, Inc. 
Radiation Absorber. A hydrophone having a crystal radiator attached to a backing 
plate inside a housing filled with oil and a series of acoustic absorbing screens behind the 
backing plate to prevent radiation from the plate reaching the housing. 


U. S. No. 2,416,314. B. M. Harrison. Iss. 2/25/47. App. 12/19/39. Assign. Submarine 
Signal Co. 
Electroacoustic Transducer. A piezoelectric crystal hydrophone having a hexagonal 
radiator excited by crystals against six faces and also one end face so that radiation 
occurs in all directions. 


U. S. No. 2,416,324. E. Klein. Iss. 2/25/47. App. 7/16/36. 

Acoustical Apparatus. An underwater microphone having an impervious case with 
at least one face made of a material the product of whose density by sound velocity is 
the same as water so as to be nonabsorbing to acoustic waves, the case being filled with 
a fluid in which the transducing element is immersed. 


U.S. No. 2,416,557. F. M. Wiener. Iss. 2/25/47. App. 2/3/45. Assign. U. S. A. 


Electroacoustic Transducer Having Damping Slots. A condenser type sound pressure 
measuring microphone having a magnetized backing plate with a coil in its field con- 
nected to the diaphragm, the coil being energized by an oscillator to impart high me- 
chanical impedance to the diaphragm. __ 


252—MUD LOGGING 
U. S. No. 2,414,246. A. L. Smith. Iss. 1/14/47. App. 1/8/42. 


Method and Apparatus for Identifying Formation Samples. A method of deter- 
mining the depth from which mud cuttings arise by introducing in the drill stem a 
frangible cartridge containing identifiable markers and observing mud pump pressure 
to detect when the cartridge reaches bottom and is ruptured. 


288—PRESSURE GAUGE 


U.S. No. 2,415,436. H. B. Maris. Iss. 2/11/47. App. 7/31/44. 


Photoelastic Blast Pressure Gauge. A photoelastic transducer having a lead case 
containing a lamp, polarizers and block of photoelastic material one side of which is 
exposed to external pressure. 
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U. S. No. 2,414,457. K. R. Eldridge and E. E. Edwards. Iss. 1/21/47. App. 8/10/43. 
Assign. California Research Corp. 
Detonation Pickup Device. A pressure pickup for internal combustion engine cylin- 
ders in which the pressure is transmitted through a dished diaphragm to a magneto- 
strictive rod with winding. 


304——RADIOACTIVITY LOGGING 


U. S. No. 2,416,702. S. Krasnow. Iss. 3/4/47. App. 11/26/41. Assign. Geophysical 

Development Corp. ; 

Apparatus and Method for Recording Borehole Radioactivity. Radioactivity logging 
apparatus having a Geiger-Muller counter and amplifying tubes in the well unit sup- 
plied with operating voltages over a multiconductor cable, one of the conductors also 
being used to simultaneously conduct signals to the surface for recording. 


308—RADIOACTIVITY MEASUREMENTS 


U. S. No. 2,413,788. W. E. Sargeant and H. B. Hoeper. Iss. 1/7/47. App. 5/11/42. 

Assign. General Motors Corp. 

Amplifier for Small Voltages. A d-c amplifier in which the d-c is alternately con- 
nected by a motor driven contactor to the two sides of a center tapped transformer, the 
secondary voltage amplified and synchronously rectified by a similar contactor on a 
center tapped output transformer. 


312—RADIO NAVIGATION 


U. S. No. 2,414,469. E. J. Isbister. Iss. 1/21/47. App. 3/8/40. Assign. Sperry Gyro- 
scope Co., Inc. 
Distance and Direction Measuring A pparatus. A distance measuring system in which 
a fixed station receives and retransmits the signal, the original signal being modulated 
by one phase of a two phase generator which also rotates a c-r tube spot with intensity 
normally biased off and which is biased on by a trigger circuit controlled by the re- 
ceived. signal. 


U.S. No. 2,414,537. L. L. Lakatos. Iss. 1/21/47. App. 5/28/43. Assign. Radio Corp. of 

America. 

Indicator for Radio Pulse-Echo Systems. A system for accurately determining the 
interval between two pips on a c-r tube screen by producing a vertical step in the 
trace which may be adjusted from one pip to the other by means of a calibrated phase 
shifter. 

316—RADIO RANGING 
U.S. No. 2,413,981. D. G. C. Luck. Iss. 1/7/47. App. 2/26/42. Assign. Radio Corp. of 

America. 

Radio Direction Finding. A warning system for radio direction finders which 
indicates when the ratio of horizontal electric component to vertical electric component 
in the radiation field exceeds a predetermined value. 


U.S. No. 2,413,982. D. G. C. Luck, Iss. 1/7/47. App. 2/26/42. Assign. Radio Corp. of 
America. 


Direction Finder. A radio direction finder having a local oscillator connected to a 
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loop antenna at the center of a four antenna directional array, the loop being rotated 
instead of the array and beat signals being observed between the local and remote 
signals. 


U.S. No. 2,414,798. H. T. Budenbom. Iss. 1/28/47. App. 6/28/41. Assign. Bell Tele- 
phone Laboratories, Inc. 


Direction Finder. A radio direction finder in which a dipole antenna is revolved at 
the end of an arm on a shaft and the resulting phase modulation compared in phase 
with that of a reference generator on the same shaft and indicated on a c-r tube. 


U.S. No. 2,415,088. E. N. Dingley, Jr. Iss. 2/4/47. App. 12/16/38. 


Radio Direction Finder. A radio direction finding system using four antennas at 
the corners of a square and a local oscillator and observing the phase angle between the 
beat signals received at diagonal corners, the ratio of the two phase angles being taken 
as a measure of the tangent of the azimuth angle. 


U. S. No. 2,415,094. W. W. Hansen and R. H. Varian. Iss. 2/4/47. App. 1/17/38. 
Assign. Board of Trustees of the Leland Stanford Junior University. 


Radio Measurement of Distances and Velocities. A radar system in which a fan 
shaped search beam is used for scanning the entire field and a pencil shaped beam is 
used to scan the region covered by the search beam. 


U.S. No. 2,415,095. R. G. Varian and W. W. Hansen. Iss. 2/4/47. App. 1/17/38 and 
9/19/42. Assign. Board of Trustees of the Leland Stanford Junior University. 


Radio Measurement of Distances and Velocities. A radar system in which the 
velocity of a reflector is determined by the beat note between the reflected and trans- 
mitted signals. and distance is determined by amplitude modulating the transmitted 
and received signals in phase opposition and adjusting the modulating frequency for 
maximum modulation of received energy. 


U.S. No. 2,415,591. F. C. P. Henroteau. Iss. 2/11/47. App. 5/4/42. 


Method and Apparatus for Measuring Distance. A variable frequency method of ra- 
dio distance measuring in which a varying frequency modulates the transmitted wave 
and the reflected wave is demodulated and varied in frequency in the reverse manner 
at a phase in the repetition cycle which is used to indicate the distance. 


U.S. No. 2,415,855. A. M. Skellett. Iss. 2/18/47. App. 7/26/44. Assign. Bell Telephone 
Laboratories, Inc. 
Range Indicator. A distance indicator for pulse echo systems in which the time in- 
tervals of a controlled pulse and the reflected pulse are compared and coincidence indi- 
cated on a “magic eye” tube. 


U.S. No. 2,415,954. D. G. C. Luck. Iss. 2/18/47. App. 2/28/42. Assign. Radio Corp. of 
America. 


Radio Direction Finding. A radio direction finding system using four antennas at the 
corners of a square and a local oscillator and using the sine and cosine of the unknown 
signal direction as determined from the phase of beat signals from diagonally opposite 
antennas to operate a selsyn type phase indicator. 
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U. S. No. 2,415,955. D. G. C. Luck. Iss. 2/18/47. App. 2/28/42. Assign. Radio Corp. of 
America. 


Radio Direction Finding. A radio direction finding system using four antennas at 
the corners of a square and a local oscillator and having a limiter in each antenna circuit 
to produce beat signals of square form which are combined and applied to the plates of 
a c-r tube so that the c-r beam indicates direction and sense of the unknown signal. 


U. S. No. 2,415,981. 1. Wolff. Iss. 2/18/47. App. 8/30/43. Assign. Radio Corp. of 
America. 


Recorder for Radio Locators. A system for radar recording in which the indicator 
tube screen is optically focused on to the mosaic of an iconoscope tube which is scanned 
and synchronously recorded on a facsimile recorder. 


U.S. No. 2,416,351. J. C. Schelleng. Iss. 2/25/47. App. 4/3/42. Assign. Bell Telephone 
Laboratories, Inc. 


Position Locating System. A varying frequency type of radio distance measuring 
system in which a c-r spot sweeps across the screen in synchronism with the trans- 
mitted frequenty variations and the received signal controls the intensity of the c-r 
beam. 


324—RECORDER 


U.S. No. 2,414,686. A. Badmaieff. Iss. 1/21/47. App. 11/30/42. Assign. Radio Corp. of 
America. 


Electro-optical Feedback System. A system for stabilizing the light output of a re- 
cording lamp by picking it up with a photocell which controlls the output of a high 
frequency a-c generator, the a-c being rectified and fed into the lamp supply circuit. 


U. S. No. 2,415,879. N. A. Hassler. Iss. 2/18/47. App. 7/31/44. Assign. Halliburton 
Oil Well Cementing Co. 


Electrical System for Use in Photorecording. A photographic recorder for well logging 
in which the recording lamp brightness is varied with the tape speed by a chopper and 
photocell which controls the filament power supplied to the lamp. 


U. S. No. 2,415,880. N. A. Hassler. Iss. 2/18/47. App. 7/31/44. Assign. Halliburton 
Oil Well Cementing Co. 


Electrical System.for Use with Recording Meters. A galvanometric photographic 
recorder for well logging in which the recording lamp brightness is varied with the 
tape speed by a chopper and photocell controlling the lamp’s filament power, and 
brightness also varied with the transverse light spot speed by controlling the filament 
power through an amplifier in response to the rate of change of galvanometer signal. 


U. S. No. 2,415,981. I. Wolff. Iss. 2/18/47. App. 8/30/43. Assign. Radio Corp. of 
America. 


Recorder for Radio Locators. A system for radar recording in which the indicator 
tube screen is optically focused on to the mosaic of an iconoscope tube which is scanned 
and synchronously recorded on a facsimile recorder. 


U.S. No. 2,416,276. A. C. Ruge. Iss. 2/18/47. App. 7/13/44. Assign. The Baldwin 
Locomotive Works. 
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Instantaneous Recorder. Apparatus for simultaneously recording the output of a 
number of filament type strain gauges by having each signal applied to an individual 
condenser, disconnecting the condensers simultaneously and afterwards recording- their 
voltages separately. 


U.S. No. 2,417,227. A. Wolff. Iss. 3/11/47. App. 12/24/43. Assign. The Texas Co. 


Scanning Device. An apparatus for photoelectrically converting a series of closely 
spaced sound tracks into corresponding electrical signals and having an enlarging lens 
between the film and the photocells so as to produce real images of the tracks with 
enlarged distances between them on the photocells. 


U. S. No. 2,417,651. J. M. Kuhlik. Iss. 3/18/47. App. 6/14/40 and 7/4/42. Assign. 
Hattie B. Kuhlik. 


Sound Recording and Reproducing Machine. A recorder in which a cutting head 
with transverse moving stylus cuts a record on a moving film strip. 


372—SEISMOGRAPH VOLUME OUTPUT 


U.S. No. 2,416,321. E. T. Jones. Iss. 2/25/47. App. 4/0/43 and 12/8/43. Assign. In- 
ternational Standard Electric Corp. 
Automatic Volume Control in Voice Frequency Circuits. An avc system having in 
series a variable attenuator, amplifier and filter which passes only signal frequencies and 
with the variable attenuator controlled by the signal at the input to the filter. 


376—SEISMOMETER 


U. S. No. 2,417,077. H. Hoover, Jr. Iss. 3/11/47. App. 7/28/39 and 10/13/42. Assign. 
United Geophysical Co., Inc. 


Seismometer. A dynamic type suspended coil geophone of 15-20 cycle natural fre- 
quency and having a case flat on one end and dome shaped on the other with limp vibra- 
tion-free handle and leads. 


400—SOIL GAS SAMPLING 


U.S. No. 2,414,913. P. S. Williams. Iss. 1/28/47. App. 5/18/42. Assign. Standard Oil 

Development Co. 

Soil Gas Prospecting. A method of soil gas prospecting in which the average per- 
meability of the soil is determined by sealing off one part of the sampling hole and 
measuring the flow of a tracer gas to another sealed off part of the hole and the varia- 
tions of permeability used to correct soil gas concentration values. 


412—SPECIFIC GRAVITY MEASUREMENTS 
U. S. No. 2,416,808. O. Weiss. Iss. 3/4/47. App. 10/8/43 and 1/20/44. 


A pparatus for Measuring the Density of Liquids. A continuously recording density 
indicator for flowing liquid in which the liquid rises and overflows a well and carries a 
heavy hydrometer float and a light comparison float, variations in the difference in their 
vertical displacements being measured electrically. 


428—STRAIN GAUGE 


U. S. No. 2,414,161. J. H. Moore. Iss. 1/14/47. App. 2/2/45. Assign. The Baldwin 
Locomotive Works. 
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Dynamometer. A tension dynamometer having wire type strain gauges mounted 
on the tension member and connected in a Wheatstone bridge circuit. 


U.S. No. 2,415,082. A. A. Burr. Iss. 2/4/47. App. 6/30/44. Assign. Armstrong Cork Co. 


Fine Wire Strain Gauge. A non-inductive filament type electric strain gauge in 
which the wire is wound in a grid having small parallel loops and a return lead is at 
right angles to the loops and insulated from them. 


U.S. No. 2,416,090. A. V. de Forest. Iss. 2/18/47. App. 2/17/43. Assign. The Baldwin 
Locomotive Works. 


Strain Measuring and Recording A pparatus..A magnetic strain recording system 
in which a number of strain gauge signals are applied to an equal number of magnetic 
recorder heads with a stationary steel record tape, the tape being afterwards cut up 
and run through a reproducing head. 


U. S. No. 2,416,276. A. C. Ruge. Iss. 2/18/47. App. 7/13/44. Assign. The Baldwin 
Locomotive Works. 


Instantaneous Recorder. Apparatus for simultaneously recording the output of a 
number of filament type strain gauges by having each signal applied to an individual 
condenser, disconnecting the condensers simultaneously and afterwards recording their 
voltages separately. 


U. S. No. 2,416,664. A. C. Ruge. Iss. 2/25/47. App. 7/25/44. Assign. The Baldwin 
Locomotive Works. 
Strain Responsive Apparatus. An electrical extensometer using a filament type 
strain gage mounted on upper and lower gage points so that extension of the specimen 
causes bending of the strain gage. 


436—SUBMARINE SIGNALING 
U. S. No. 2,414,091. L. S. Chappell, U.S.N. Iss. 1/14/47. App. 5/17/45. 


Apparatus for Measuring Depth of Water. A floating device which is dropped into 
water from a plane and which releases a dye whose color indicates the length of line paid 
out to an anchor so that the depth can subsequently be determined from color photo- 
graphs. 


U. S. No. 2,415,407. H. Benioff. Iss. 2/11/47. App. 12/9/42 and 11/26/43. Assign. 
Submarine Signal Co. 
Submarine Signaling Apparatus. A hydrophone having a magnetostriction micro- 

phone at the focus of a parabolic reflector. 

U.S. No. 2,415,832. W. P. Mason. Iss. 2/18/47. App. 12/31/42. Assign. Bell Telephone 
Laboratories, Inc. 


Radiation Absorber. A hydrophone having a crystal radiator attached to a backing 
plate inside a housing filled with oil and a series of acoustic absorbing screens behind the 
backing plate to prevent radiation from the plate reaching the housing. 


U.S. No. 2,416,337. W. P. Mason. Iss. 2/25/47. App. 6/10/43. Assign. Bell Telephone 
Laboratories, Inc. 


Vibration Damping Circuit. An electrical vibration damping circuit for a piezoelec- 
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tric vibrator in which the equivalent electric circuit is completed to make a band pass 
filter circuit and terminated in its characteristic impedance. 


U.S. No. 2,416,338. W. P. Mason. Iss. 2/25/47. App. 4/11/45. Assign. Bell Telephone 

Laboratories, Inc. 

Frequency Selective System. A frequency separating system having in a liquid me- 
dium a series of compressional wave transmitters arranged on an arc and connected 
along a transmission line and with an arc of compressional wave receivers on to which 
waves of different frequencies are brought to focus. 


U.S. No. 2,417,829. A. C. Keller. Iss. 3/25/47. App. 12/31/42. Assign. Bell Telephone 

Laboratories, Inc. 

Compressional Wave Signaling Device. A directional piezoelectric submarine 
signaling source or receiver in which distortion of the directional pattern by reflections 
from the crystal supporting plate is eliminated by covering exposed portions of the 
plate with layers of fine mesh screen. 


U.S. No. 2,417,830. A. C. Keller. Iss. 3/25/47. App. 7/2/43. Assign. Bell Telephone 
Laboratories, Inc. 


Com pressional Wave Signaling Device. A directional piezoelectric submarine signal- 
ing unit mounted so that it may be oriented inside a streamlined housing having a sound 
transparent window covering a large forward angle and a reflector pad to eliminate 
sounds coming from the rear. 


440—SURFACE TESTING 


U. S. No. 2,417,988. M. Mooney. Iss. 3/25/47. App. 6/30/45. Assign. United States 
Rubber Co. 


Apparatus for Measuring Surface Roughness. A rugosimeter in which air is forced 
radially outward from the center of a flat plate resting on the surface and the pressure 
drop compared with that through a known flow resistance in series. 


448—TENSION INDICATOR 


U.S. No. 2,414,161. J. H. Moore. Iss. 1/14/47. App. 2/2/45. Assign. The Baldwin 
Locomotive Works. 
Dynamometer. A tension dynamometer having wire type strain gauges mounted 
on the tension member and connected in a Wheatstone bridge circuit. 
452—THERMAL LOGGING 
U. S. No. 2,414,862. R. E. Fearon. Iss. 1/28/47. App. 8/15/40. Assign. Well Surveys, 
Inc. 


Well Surveying Apparatus. A thermal logging apparatus which applies heat to the 
formation and measures the temperature rise and which has a long heating element 
or a series of spot heaters and also a series of thermocouples whose indications are 
transmitted to the surface by carrier frequency. 


460—THERMOMETER 


U.S. No. 2,414,792. J. A. Becker. Iss. 1/28/47. App. 6/29/45. Assign. Bell Telephone 
Laboratories, Inc. 
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Bolometric Thermistor. A bolometer made by mounting one or more small flake 
like thermistor elements on a backing plate of high thermal diffusivity. 


468—TIME INTERVAL METER 


U.S. No. 2,414,107. D. E. Kenyon. Iss. 1/14/47. App. 6/30/44. Assign. Sperry Gyro- 
scope Co., Inc. 

Electronic Timing Apparatus. A meter for a repeated time interval in which the 
number of known frequency waves in the interval are counted by applying the waves to 
condensers until they trigger an oscillator and discharge at a reference potential, the 
residual being indicated by meters. 


U.S. No. 2,415,168. W. A. Gieseke. Iss. 2/4/47. App. 12/4/44. Assign. S. C. Hurley, Jr. 
Electronic Timer. An electronic timer for photoelectric inspection devices. 


U. S. No. 2,416,333. G. J. Lehmann. Iss. 2/25/47. App. 3/20/42 and 9/3/43. Assign’ 
International Standard Electric Corp. 


Precise Measurement of Time Intervals. A time interval meter for repeated pulse 
echo systems in which d-c currents are produced proportional to the repetition time and 
the echo time, and the currents compared by a slide wire potentiometer. 


476—TORSION BALANCE 


U. S. No. 2,417,392. R. Craig and R. Q. Boyer. Iss. 3/11/47. App. 5/8/44. Assign. 
U.S.A. 
Torsion Balance. A quartz torsion balance for precision weighing in which the 
optical system compares the position of two sides of the balance beam so as to eliminate 
any error due to sag of the suspending fiber. 


484—TRANSDUCER 
U. S. No. 2,414,224. A. Douglas. Iss. 1/14/47. App. 6/3/43 and 6/19/44. 


Electrical Measurement of Displacement. A variable air gap inductance type dis- 
placement meter in which the inductance is connected across an a-c generator and series 
condenser and is shunted by an indicating meter and series condenser. 


U. S. No. 2,415,403. W. S. Bachman. Iss. 2/11/47. App. 12/29/45. Assign. General 
Electric Co. 
Vibration Translating Device. A phonograph pick-up in which the motion of the 
stylus changes the stress on a transversely connected fine wire embedded in a flexible 
plastic. 


U.S. No. 2,415,436. H. B. Maris. Iss. 2/11/47. App. 7/31/44. 


Photoelastic Blast Pressure Gauge. A photoelastic transducer having a lead case 
containing a lamp, polarizers and block of photoelastic material one side of which is 
exposed to external pressure. 


U.S. No. 2,415,681. H. T. Faus. Iss. 2/11/47. App. 9/7/44. Assign. General Electric 
Co. 


Electric Pickup. An electromagnetic phonograph pickup having a T-shaped core 
whose stem is wound with a coil and carries the stylus and two permanent bar magnets 
extending from pole pieces opposite the stylus to the head of the core. 
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U. S. No. 2,416,082. D. F. Balmer. Iss. 2/18/47. App. 8/8/44. Assign. The Sound- 
scriber Corp. 


Humless Electrodynamic Pickup. An electrodynamic phonograph pickup having 
an adjacent hum-bucking coil and a wire engaging the rear of the armature to prevent 
vertical movement. 


U.S. No. 2,416,337. W. P. Mason. Iss. 2/25/47. App. 6/10/43. Assign. Bell Telephone 
Laboratories, Inc. 


Vibration Damping Circuits. An electrical vibration damping circuit for a piezo- 
electric vibrator in which the equivalent electric circuit is completed to make a band 
pass filter circuit and terminated in its characteristic impedance. 


U.S. No. 2,416,338. W. P. Mason. Iss. 2/25/47. App. 4/11/45. Assign. Bell Telephone 
Laboratories, Inc. 


Frequency Selective System. A frequency separating system having in a liquid 
medium a series of compressional wave transmitters arranged on an arc and connected 
along a transmission line and with an arc of compressional wave receivers onto which 
waves of difference frequencies are brought to focus. 


U.S. No. 2,416,557. F. M. Wiener. Iss. 2/25/47. App. 2/3/45. Assign. U. S. A. 


Electroacoustic Transducer Having Damping Slots. A condenser type sound pressure 
measuring microphone having a magnetized backing plate with a coil in its field con- 
nected to the diaphragm, the coil being energized by an oscillator to impart high me- 
chanical impedance to the diaphragm. 


U. S. No. 2,416,978. C. F. Burgess. Iss. 3/4/47. App. 1/22/45. Assign. O. W. Storey, 
Capillary Transducer. An electromechanical transducer having a circuit including 


the interface of a capillary electrometer and an insulating rod extending from the 
interface to an external diaphragm. 


U.S. No. 2,417,829. A. C. Keller. Iss. 3/25/47. App. 12/31/42. Assign. Bell Telephone 

Laboratories, Inc. 

Compressional Wave Signaling Device. A directional piezoelectric submarine 
signaling source or receiver in which distortion of the directional pattern by reflections 
from the crystal supporting plate is eliminated by covering exposed portions of the 
plate with layers of fine mesh screen. 


492—VIBROMETER 
U.S. No. 2,414,224. A. Douglas. Iss. 1/14/47. App. 6/3/43 and 6/19/44. 


Electrical Measurement of Displacement. A variable air gap inductance type dis- 
placement meter in which the inductance is connected across an a-c generator and 
series condenser and is shunted by an indicating meter and series condenser. 


U.S. No. 2,417,347. T. T. Brown. Iss. 3/11/47. App. 7/6/43. Assign. Lockheed Aircraft 
Corp. , 
Vibration Damper. A damper to be attached to a vibrating body and having a 
series of cells filled with grannular material, or filled with paramagnetic powder and 
with a current carrying coil around the damper. 
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496-VISCOSIMETER 
U.S. No. 2,414,864. P. N. Gardner. Iss. 1/28/47. App. 6/14/44. 


Method of and Means for Determining the Viscosities of Liquids. A bubble type 
comparison viscometer in which the rise of a bubble in a short sample tube is compared 
with the rise of a bubble through an adjustable part of a tube of standard liquid, the 
standard tube having a direct reading scale. 


516-WELL SIGNALING 


U.S. No. 2,414,719. R. T. Cloud. Iss. 1/21/47. App. 4/25/42. Assign. Stanolind Oil 
and Gas Co. 


Transmission System. An arrangement for transmitting electrical signals through 
drill stem or pipe line in which the line sections are inductively coupled at the joints 
with half the transformer core in each screw joint section and with a condenser in the 
line to produce resonance at operating frequency. 


U.S. No. 2,415,364. W. D. Mounce. Iss. 2/4/47. App. 12/29/41. Assign. Standard Oil 
Development Co. 


Logging Bore Holes. A system for electrically logging of several well parameters 
over a single conductor cable by converting the power fed down the cable into carrier 
frequencies, the carrier generated during one half of the power cycle being in proportion 
to the parameter and the carrier generated in the other half of the power cycle being a 
reference signal. 

520-WELL SURVEYING 


U.S. No. 2,414,246. A. L. Smith. Iss. 1/14/47. App. 1/8/42. 


Method and A pparatus for Identifying Formation Samples. A method of determining 
the depth from which mud cuttings arise by introducing in the drill stem a frangible 
cartridge containing identifiable markers and observing mud pump pressure to detect 
when the cartridge reaches bottom and is ruptured. 


U.S. No. 2,414,702. G. A. Smith. Iss. 1/21/47. App. 6/21/41. Assign. Sperry-Sun Well 
Surveying Co. 
Well Surveying Device. A photographically recording well surveying instrument in 
which a pendulum records on the upper side of a disk and a compass on the lower side 
of the disk, each being illuminated by separate batteries. 


U.S. No. 2,415,221. C. W. Savitz. Iss. 2/4/47. App. 5/21/43. Assign. Halliburton Oil 
Well Cementing Co. 


Well Surveying Instrument. A remote recording well surveying instrument whose 
azimuthal direction is held by a 500 cycle gyro and which has two pendulums whose 
inclinations are transmitted to the surface by contacting telemetering cams driven by 
a 60 cycle motor, the two signals being obtained by short circuiting resistors in the 500 
cycle and 60 cycle circuits. 




















DISCUSSIONS AND COMMUNICATIONS 


INTERNATIONAL GEOLOGICAL CONGRESS 
XVIII SESSION, LONDON, 1948 


The XVIII Session of the International Geological Congress, originally planned for 
1940 and postponed on the outbreak of the war, is to be held in Great Britain in 1948, 
on the invitation of the Geological Society of London. 

Preliminary arrangements for the meeting have been made and sessional meetings 
will take place in London from August 25 to September 1,. 1948. The following 
subjects have been provisionally listed for discussion: 


. Problems of Geochemistry. 

. Metasomatic Processes in Metamorphism. 

Rhythm in Sedimentation. 

. The Geological Results of Applied Geophysics. 

. The Geology of Iron-Ore Deposits. 

. The Geology of Petroleum. 

. The Geology, Paragenesis and Reserves of the Ores of Lead and Zinc. 
. The Geology of Sea and Ocean Floors. 

. The Pliocene-Pleistocene Boundary. 

. Faunal and Floral Facies and Zonal Correlation. 

. The Correlation of Continental Vertebrate-bearing Rocks. 
12. Earth Movements and Organic Evolution. 
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In addition, geological excursions covering most of the British Isles are planned 
to take place between August 7 and September 18 as part of the Congress program. 
These include 16 long excursions (7-16 days) before the meetings in London and 16 
similarly after the meetings. There will also be daily excursions, centered on London, 
between August 22 and September 3. 

This will be the first major international assembly of geologists in 11 years and the 
General Organizing Committee is anxious to have as large and representative attend- 
ance as possible. Those planning to attend should address their communications as 
follows: 

General Secretaries 

XVIII Session International Geological Congress 

Geological Survey and Museum 

Exhibition Road 

London, S.W. 7 














REVIEWS 


Geological Factors and Gravity Interpretation Illustrated by Evidence from India 
and Burma, by P. Evans and W. Crompton, “Quarterly Journal of the Geological 
Society of London,” Vol. CII, pages 211-249, December 30, 1946. 


This very interesting paper discusses the results of gravity surveys over Burma and 
Northeastern India from a somewhat different point of view than has been used before. 
The analysis is based on some 6,000 gravity-meter stations made in commercial surveys 
by the Burma Oil Company and supplemented with all of the older pendulum data of 
the survey of India. The paper is a variation of the usual treatment of isostatic effects in 
that, in addition to the usual corrections, an attempt is made to take into account the 
gravity effect of the known and inferred sub-surface geology. In this area where Tertiary 
sediments reach a thickness of over 50,000 feet, the gravity effects calculated from the 
variation in thickness of these sediments and their density contrasts with respect to the 
underlying metamorphic rocks are enough to materially modify even the very large 
gravity anomalies. 

The point of view may be considered as an extension of the Bouguer correction, in 
which mass effects from below sea level are considered as well as those caused by the 
visible topography above sea level. This means that the so-called “residual or geologi- 
cally corrected” anomalies are the differences between observed gravity and that which 
is computed taking into account all effects from irregularities in the earth’s crust either 
evident as visible topography or as inferred from the sub-surface geology. The geologi- 
cal corrections thus calculated exceed 75 mg}. The large values are all positive because of 
the mass deficiencies associated with the very deep sedimentary basins. The “geologi- 
cally corrected” anomalies do not include isostatic corrections. Therefore, the gravita- 
tional effects resulting from mass deficiencies associated with isostatic compensation 
beneath the mountains appear as negative anomalies on the map, having values as 
high as 175 milligals in northern India. 

The reduction represents a very large amount of work since for each point com- 
puted, it was necessary to make an estimate of the gravity effect of the sub-surface 
geology. This was carried out by a chart or calculating template on which the geological 
cross-sections were drawn. The chart was arranged in blocks giving 1 milligal gravity 
effect for a density difference of 0.1 gm/cm*; calculations were extended to a radius of 
20 miles and depth of 40,000 feet. Two perpendicular profiles through each station were 
calculated in this way. It was found that only two profiles were sufficient to give a fairly 
satisfactory result. Because of the large number of points of calculation, it was necessary 
to reduce the work at each to a minimum. There are uncertainties, resulting from a lack 
of knowledge of the densities of the rocks of the different geologic series. Rather careful 
attention was given to the possible effects of temperature and pressure at great depths 
on densities. Further difficulties in interpretation arise from the assumptions necessary 
regarding the gross details of the sub-surface geology and the sections through individ- 
ual stations based thereon. 

' The report contains maps, all at 25-milligal contour interval, showing Bouguer 
anomalies, isostatic anomalies, the residual or geologically corrected anomalies, and a 
map for “full correction,” which includes isostatic effects calculated from the sub-sur- 
face geology as well as the topography above sea level. There are several cross-sections 
showing the sub-surface geology of the area, together with the geologically corrected 
anomaly curve. For parts of some of these, calculated sections are given in which the 
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residual anomalies are accounted for in terms of three successively heavier crustal 
layers with contacts at normal depths of about 15 and 40 km. These layers and the 
normal-contact depths are baséd on general seismic results. The geologically corrected 
anomalies are accounted for by variations in the depths of these contacts. This amounts 
to a calculation of a crustal mass distribution which gives much the same effect as the 
isostatic compensation but is a good deal nearer the Airy-Heiskanen type of compensa- 
tion than the Pratt-Hayford type. 

Perhaps the most interesting and clear-cut result of the work is the mapping of 
definite residual positive anomalies over the large Ganges Delta at Calcutta and the 
Irrawaddy Delta at Rangoon. 

The paper should be of interest to all who are concerned with the large-scale re- 
lations between gravity and geology and with the physical significance of the various 
types of gravity anomalies (free-air, Bouguer, isostatic, etc.) and their significance in 
terms of mountain building movement. The geologically corrected anomaly should be 
a more direct indication of mass irregularities in the earth’s crust beyond those which 
can be seen as topography or inferred from geology than any of the older types of gtav- 
ity anomalies. 

L. L. NETTLETON 
Gravity Meter Exploration Company 
Houston, Texas 





Geophysical Work of the National Geological Survey of China and of the Institute of 
Physics of the National Academy of Peiping of China, by Wen-Hao Wong, “Ter- 
restrial Magnetism and Atmospheric Electricity,” Volume 52, No. 1, pp. 77-79, 
March, 1947. 


This short paper summarizes both the applied and pure geophysical work done by 
these institutions from 1929 through 1946. Pure geophysical research was confined 
primarily to seismic observations and geomagnetic surveys. Between 1929 and 1937, 
when Peiping fell to the Japanese, more than 2300 earthquakes were recorded using a 
complete set of Wiechert seismographs for recording earthquakes in East Asia, and the 
newest type of Galitzin instrument for remote quakes. Five hundred of these earth- 
quakes can be used for the study of subcrustal conditions of the earth and much of this 
information is available in a monthly bulletin published by the Chiufeng Seismological 
Observatory. 

In 1934 Dr. S. P. Lee built a mechanical seismograph for recording local earth- 
quakes in West China. Observations were continued through June, 1946, when the 
instrument was dismantled for transportation to Nanking. 

Geomagnetic surveys were begun in 1939, with C. L. Lin in charge, using a portable 
magnetic theodolite. Observations of D, IJ, and H were made at 66 cities in South- 
western China between 193g and 1944. 

Applied geophysical surveys conducted by the National Geological Survey in- 
cluded a torsion-balance survey for lead and zinc deposits of Shuikuoshan, Hunan. Six 
hundred and ten stations were measured at three localities. A limestone dome was 
discovered and a fault confirmed. A hematite deposit in Kweichow was surveyed and the 
boundaries of the ore body, as determined by this survey, agreed with the information 
obtained by subsequent geologic exploration. 

Vertical and horizontal magnetic field balances were used jointly in prospecting 
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for two hematite, four magnetite, and two placer gold prospects in Szechuan and Sikang 
provinces. 

Geophysical prospecting was also carried out by the Institution of Physics. This in- 
cluded resistivity, magnetic and self-potential surveys, for various mineral deposits 
including iron, lead-silver, lead-zinc, copper and pyrite. Seven reports were prepared 
and published dealing with this work but unfortunately they are all written in Chinese. 
A paper is in preparation by Chang Hung-Chi on the subject of isostatic reduction of 
Chinese gravity stations. In addition he, together with P. Lejay, published in the 
Compte Rendu, France, during 1933 through 1939 the results of 256 gravity stations 
occupied throughout various portions of China and Western Yunnan province. 

R. A. GEYER 





The Vehicular Odograph, by A. G. McNish and Bryant Tuckerman, “Terrestrial 
Magnetism and Atmospheric Electricity,” Volume 52, No. 1, pp. 39-66, March, 1947. 


This article, together with one which will appear in the present issue of GEOPHYSICS 
entitled ‘‘Vehicle-Borne Instrument for Continuously Indicating Road Elevations” 
by D. Silverman, J. D. Esler and J. F. Evans, are interesting to geophysicists and geolo- 
gists because of their application to the solution of many geophysical and geological 
surveying problems. The vehicular odograph described is a device for automatically 
plotting the course of a vehicle in which the odograph is mounted. This odograph was 
designed originally for military use to provide a detailed map of a course taken by a 
vehicle. It was developed by the Department of Terrestrial Magnetism of the Carnegie 
Institution of Washington and built by the Monroe Calculating Machine Company and 
the International Business Machines Corporation. In order for the vehicular odograph 
to fulfill its functions, it must measure the instantaneous direction in which the vehicle 
is traveling and the distance it travels in that direction. In addition, it must combine 
and autematically record this information upon a map. A magnetic compass which is 
read by a photoelectric system furnishes the direction information to the odograph. 
Distance information is obtained from a shaft geared to a conventional speedometer 
cable. 

The integrating mechanism utilizing mechanical step-by-step integration drives the 
plotting mechanism directly. Two step gears in the integrator are rotated by means of 
an auxiliary speedometer cable. As these gears are rotated by the speedometer cable 
and the crank arms reproduce the heading indications of the compass, which are de- 
termined by the direction of the motion of the vehicle, the rotation of the pickup gears 
will be proportional to the distance the vehicle has traveled in a north-south direction 
for one pickup gear and in an east-west direction for the other. Trains of gears translate 
these rotations to two lead screws which move a pencil over a map. In this manner the 
course taken by the vehicle is plotted directly upon the map. 

The integrator can be adjusted to draw to any desired scale by turning a lever arm 
which actuates changeable reduction gears situated between the pickup gears and the 
lead screws. In the present model eight basic scales are available ranging from 1: 20,000 
to 1:500,000. A continuous range of scales between these limits can be obtained by 
means of an intermittent cam action operating on a principle similar to that used in the 
step gears. The maximum error in the system occurs when the vehicle is traveling along 
a compass bearing of approximately five degrees from one of the cardinal points. In 
these instances the recorded distance is one-half of one percent too large. However, the 
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error decreases rapidly from this point to zero on a cardinal heading, changing sign as 
the departure from the cardinal heading increases. This situation is discussed in some 
detail in the article. 

This method for following the compass indications used in the odograph was 
especially developed for the purpose for which the instrument is to be used. The authors 
claim that it also affords an excellent type of remote reading magnetic compass. The 
magnetic compass is read photo-electrically utilizing the light from a small automobile 
bulb which is passed through a lens and brought upon a mirror on the compass, re- 
flected back to one of the mirrors on either side of the lamp and brought on to the 
proper one of two photo cells. Each of these photo cells fires one of a pair of thyratrons 
connected in a transfer circuit which control the action of an electromagnetic reversing 
switch. The entire electrical and optical system is mounted on a turn table about the 
compass bow] and is connected through a flexible cable to the shaft bearing the clutches 
in the integrator. 

Very important compass compensation problems are introduced, as would be ex- 
pected, in the operation of a magnetic compass in a vehicle constructed of steel and iron. 
These are discussed in detail by the authors with special emphasis being given to de- 
viations caused by heeling and pitching, the effects of induced and semi-permanent 
magnetism, criteria for locating the best position in a vehicle for the compass, and me- 
chanical effects of vibration on deviations of the compass. By proper compensation 
methods these effects have been reduced so that under reasonably favorable conditions 
the accuracy of the compass is better than one degree on all headings. 

The generalization may be made as the result of extensive testing that hammering, 
or cross-country running on any cardinal heading, will produce a change in compensation 
on the cardinal headings at right angles to this heading. The authors have found that the 
amount by which compensation is lost with the vehicle on a particular heading depends 
on the severity and number of shocks to which the vehicle is subjected. Since the sever- 
ity of jolts and jars received is generally a function of the speed of the vehicle while 
traveling over a given terrain, the change in compensation also depends on the speed. 
However, a saturation effect in the iron of the vehicle occurs which permits the change 
in semi-circular compensation to reach but not exceed a certain maximum value. In 
other words, once this maximum change has been produced by traveling over rough 
roads on a given heading further rough travel will not increase this change. Therefore, 
for any given terrain of fairly uniform roughness a “‘safe speed” exists below which no 
change in compensation is produced. 

Maximum errors caused by change in compensation resulting from these factors 
amount to 2 degrees. This occurs when the vehicle suffers severe shock while traveling 
east or west and then is driven over a smooth road in a north or south direction re- 
spectively. 

The mechanical effects of vibration on deviations of the compass ordinarily were 
not severe enough to produce appreciable errors. However, this effect became very 
severe when traversing corduroy roads. It was found more satisfactory not to use 
anti-vibration mounts but to attach the compass to the vehicle as rigidly as possible. 
This situation is caused by the fact that shock mounting insulates the compass against 
certain frequencies but accentuates the effects of other frequencies under normal rough 
driving conditions especially when hitting individual bumps. Since the vibrations of the 
vehicle cover a more or less continuous range of frequencies, insulation against shocks 
and vibrations by shock mounting was not effected. A new type of compass card was 
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designed. It was coupled to the fluid in such a way that the card follows every motion 
of the fluid thereby eliminating vibrational deviations. This system was designed to 
overcome the fact that a liquid-damped compass subjected to circular vibratory rota- 
tion in a horizontal plane deviated from a correct reading as a result of hydrodynamic 
forces. The compass was also designed so that it had almost the same density as the 
liquid in which it was mounted. 

The design of the compass and the integrator in the odograph is such that the sys- 
tem oscillates or hunts about a mean position which is taken as the correct magnetic 
heading. This hunting effect was incorporated into the odograph to eliminate dead 
space which would exist in a non-continuously adjusting system, to minimize backlash 
errors, and to provide a more accurate method of integration than otherwise would be 
obtainable using a system having a finite number of teeth. 

The following assumptions were made in developing the theory of the effect of 
hunting on the accuracy of integration; (a) the vehicle remains on a heading for a suffi- 
ciently long period of time for the averaging to be affective, (b) the hunting extends 
over a fixed angle centered over the correct heading with equal times spent on equal 
parts of the range. The odograph was designed to approximate this behavior by using 
reversing clutches instead of reversing motors. The authors describe in some detail, 
including a mathematical treatment, the theory of hunting as applied to the problems 
encountered in designing a successful vehicular odograph. 

Errors in the maps made with this equipment amount to two or three percent of the 
total distance traveled under ordinary rough-road operating conditions. However, by 
exercising certain precautions they believe that these errors can be substantially re- 


duced. 
R. A. GEYER 
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The Executive Committee approved for publication in the April issue of GEopHys- 
1cs the names of the following 120 applicants for membership in the Society. Because of 
the unexpected size of the issue some last minute deletions were necessary by the print- 
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er, and these names were not published. 


To avoid further delaying the acceptance of these applicants, their names were 
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SEVENTEENTH ANNUAL MEETING OF THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 


The Seventeenth Annual Meeting of the Society of Exploration Geophysicists was 
held in Los Angeles, March 25-27, at the Biltmore Hotel. The Annual Meetings of the 
American Association of Petroleum Geologists and the Society of Economic Paleon- 
tologists and Mineralogists were held concurrently. A record program of 62 geophysical 
papers together with the reputation of Pacific Coast members for planning excellent 
meetings drew 261 S.E.G. delegates. Registration for all three organizations including 
guests totaled 1532. 

On Tuesday, March 25, at 9:00 A.M., Society members met jointly with members 
of A.A.P.G. and S.E.P.M. in the Biltmore Ball Room to hear the Presidential and spe- 
cial addresses. The Annual Business Meeting convened at 2:00 p.m. in the Music 
Room, followed immediately by the first technical session featuring papers on general 
geophysical topics and the Airborne Magnetometer. 

Wednesday morring, March 26, S.E.G. and A.A.P.G. members met in the Bilt- 
more Ball Room for a discussion of geophysics and geology in the Pacific Basin. In the 
afternoon, at the invitation of the California Institute of Technology, S.E.G. delegates 
enjoyed a tour of the Institute’s Seismological Laboratory and beautiful campus at 
Pasadena. 

Because of the large number of papers to be read, it was necessary to schedule con- 
current technical sessions in the Biltmore Renaissance Room and the Edison Building 
Auditorium, both morning and afternoon on Thursday, March 27. One morning ses- 
sion was devoted to twelve case history papers which will become a part of volume 
one of “Case Histories” to be published by the Society in the fall. The other morning 
meeting featured papers on general seismic and electrical problems. The afternoon 
sessions included discussions of gravity prospecting, new instruments, multiple reflec- 
tions and underwater seismic surveying. 

Old convention goers realized that the war was over after attending the wonderful 
dinner dance at the famous Biltmore Bow] which wound up convention activities on 
Thursday night. With wartime restrictions off, members celebrated the return to the 
social activities which had always added so much to the enjoyment of peacetime con- 
ventions. ; 

Cecil H. Green, General Chairman, members of the Los Angeles Arrangements and 
Publicity Committees, and members of the Regional Program Committees (see com- 
plete list published in the July issue), are to be sincerely congratulated on the fine pro- 
gram, well-arranged hotel accommodations and entertainment which together made 
this year’s convention outstanding. 


PAPERS PRESENTED OR READ BY TITLE AT THE TECHNICAL 
SESSIONS OF THE SEVENTEENTH ANNUAL MEETING 


1. S.E.G. Presidential Address—W hither Exploration 
J. J. Jakosky, Consulting Geophysicist, Union Oil Company, Los Angeles, 
California 


(Read by Dr. Jakosky at Los Angeles) 


The entire paper appears in this issue of GEOPHYSICS. 
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FRANK RIEBER, Rieber Research Laboratory. 
It is Earlier Than You Think: A Challenge to Geophysics. 


(Read by Mr. Rieber at Los Angeles and Pittsburgh) 


It is shown that the art of seismic exploration has now reached a critical point, 
similar to the stage in the X-ray art which brought forth the Coolidge tube, or the 
stage in the art of radio communications which brought forth the three-electrode 
vacuum tube and made possible the aimost incalculable series of advances which 
began with the wireless telephone and have culminated with Radar. Predictions 
are made as to the nature and scope of the advances which we may shortly expect 
in the seismic method. It is suggested that the impact of these new technics on 
exploration problems should create an “internal frontier,’ comparable to the 
external frontier now offered by the continental shelf. Suggestions are made for co- 
operation between company management, geologists, geophysicists, and instrument 
engineers, to expedite the availability of the new technics. 


. RoLanp F. BEErs, President, The Geotechnical Corporation. 


The Committee on Geophysical Sciences of the Joint Research and Development 
Board. 


(Read by Dr. Beers at Los. Angeles) 


The Committee on Geophysical Sciences of The Joint Research and Develop- 
ment Board (Army and Navy) has been organized as an agency of the Board, in 
order that the charter of the Board may be implemented in the field of geophysical 
sciences. The fundamental purpose of the Committee comprises the continuing 
study, evaluation, improvement and allocation of research and development plans 
and progress in the field of geophysical sciences in relation to the over-all aims of 
the national defense effort, and to the available and potential store of scientific 
information, personnel and facilities leading to the formulation of an integrated 
program in this field. 

The Committee consists of four civilian members, including the Chairman, 
appointed by’ the Chairman of The Joint Research and Development Board; two 
members appointed by the Secretary of War and two members appointed by the 
Secretary of Navy. 

The subject matter for which the Committee is responsible includes: 

Physics of the Upper Atmosphere; Atmospheric Electricity; Cartography and 
Geodesy; Geology and Mineral Raw Materials; Terrestrial Magnetism and Elec- 
tricity; Hydrology; Meteorology; Oceanography; Seismology, Soil Mechanics and 
Volcanology; Geophysical Instrumentation and Engineering. 

As an agency of The Joint Research and Development Board the Committee 
will not attempt to control the administration of research and development activi- 
ties of joint interest to the War and Navy Departments, but will leave such ad- 
ministration to agencies within the Departments charged with such responsibilities 
by law or intra-departmental directive. The Joint Research and Development 
Board operates within its jurisdiction as an agency of the Secretaries of War and 
Navy. 
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4. B. D. LEE, The Texas Company. 





Potentiometric Model Studies. 
(Read by Mr. Lee at Los Angeles) 


A simplification of the method of Hurst and McCarty for conducting potenti- 
ometric model studies is presented along with experimentally determined invasion 
patterns for certain idealized flow problems. The analytical solution for one class 
of these problems is given. Finally, a general description is given of a newly devel- 
oped instrument which permits direct mapping of flow lines and determination of 
transit times in potentiometric model studies. 


. Hans LuNDBERG, President, Hans Lundberg, Ltd. 
Magnetic Surveys From a Helicopter. 
(Read by Mr. Lundberg at Los Angeles) 


The paper contains a brief account of a series of experimental flights with a 
magnetometer mounted in a Bell Helicopter. Emphasis has been placed on the 
amount of detail obtainable and comparison is made between surveys on the ground 
and the same area flown at 100 to 150 feet. Some details as to the construction of 
the instrument are given and data of the effectiveness of the helicopter-borne 
magnetometer. 


. C. A. Hermann, President, Heiland Research Corporation. 
Aeromagnetic Exploration. 
(Read by Dr. Heiland at Los Angeles and Dr. J. E. Hawkins at Tulsa) 


The beginning of aeromagnetic observations may be traced back to the early 
balloon ascents. Their application to geophysical prospecting followed more than 
a hundred years later. In its present form, aeromagnetic technique is largely the 
result of war-time developments in submarine detection. The various approaches 
to the problem along the line of instrumentation have made use of coupled mag- 
netic systems, stationary or rotating coils, magnetrons and saturable reactors. 
The latter principle has been most successful and was used during the war in air- _ 
craft compasses, degaussing equipment, mine fuses and submarine detectors. In 
the MAD devices, saturable reactors served the twofold purpose of field detector 
and orienter. Although submarine detection equipment may be modified for 
prospecting applications, it appears preferable to develop equipment especially 
for this purpose. Since one of the principal problems in aeromagnetic exploration is 
position fixing irrespective of the possibility of taking terrain photographs, the 
objective of the design was a recording method permitting of synchronizing mag- 
netic readings with position fixes. An automatically tracking UHF system indicates 
distances from two reference positions on the ground at discrete time intervals. 
Together with the magnetic readings, barometric and radio altitude, time, record 
number, magnetic range and gyro attitude, the position fix appears on a panel which 
is photographed by a camera which also records a terrain photograph when con- 
ditions permit. By comparison with wartime models, the size of the detector has 
been reduced; it is mounted at the tip of a wing and compensated for so-called 
maneuver noise; that is, effects resulting from permanent, induced, and eddy- 
current fields which change with the pitch, roll and course of the ship. By com- 
parison with ground surveys, aeromagnetic exploration offers many advantages, 
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such as rapidity of observation, ability to survey inaccessible areas, and attenua- 
tion of topographic and man-made effects. Depth calculations are facilitated when 
traverses are repeated at several different elevations. 


. Homer JENSEN, Chief, Magnetometer Division, Aero Service Corporation. 


Recent Techniques and Projects for the Airborne Magnetometer. 
(Read by Mr. Jensen at Los Angeles and Pittsburgh) 


Airborne magnetometer surveys have been made since 1943 under the auspices 
of the various governmental departments, using converted wartime submarine 
detection instruments. During 1946 intensive preparations were made to develop 
new instruments and to use them in commercial surveys. The Gulf Research and 
Development Corporation conducted successful flights, and in January, 1947, Aero 
Service Corporation, using the Gulf magnetometer, started the first contract sur- 
vey with this new device. Advantage has been taken of the intensive engineering 
and the great back-log of practical experience associated with the governmental 
surveys. The detector remains at the end of a cable outside of the aircraft to 
minimize the effects of stray fields, and the correlation techniques through continu- 
ous strip photographs and Shoran guides continue along lines developed in the 
earlier surveys. In general, records are made continuously where possible, with 
intermittent fiducial marks established for correlation of the various continuous 
records of ground track, altitude, and magnetic intensity. A great survey will be 
started early in 1947 of the whole Bahamas area. Shoran will be used not only to 
guide the aircraft, but to provide an intensive net of low order triangulation over 
the whole area to relate positions of the Shoran stations. Segments of the survey 
patterns will be similar, permitting the use of standard printed forms for presenta- 
tion of the data currently with the progress of the survey. 


. R. D. Wycxorr, Chief, Geophysical Research and Development Division, Gulf 


Research and Development Company. 
Airborne Magnetometer Operations. 
(Read by Mr. Wyckoff at Los Angeles and Houston) 

Airborne magnetometer operations involve two basic problems: (1) Measure- 
ment of the magnetic field intensity; (2) Navigation of the aircraft to provide the 
desired profile configuration and accurate mapping of the profiles flown. Cur- 
rently the navigation and mapping presents the most serious problem if the opera- 
tion is to be made completely airborne. A brief outline of the magnetometer instru- 
mentation is presented, together with a discussion of the mapping problem, Exam- 
ples of results are presented. 


. J. M. Kraasse, L. H. RumBAuGH AND H. JENSEN, Naval Ordnance Laboratory, 


Washington, D. C. 
A pplications of Shoran and Photographic Techniques to Aerial Magnetic Surveys. 
Airborne magnetic surveying poses three problems: (1) obtaining and record- 
ing accurate magnetic data, (2) correlating these data with the position of the sur- 
veying airplane, and (3) eliminating or compensating for the effects of magnetome- 
ter drift and time variations in the earth’s magnetic field. 
First, a grid or network of systematic flight lines is laid out to cover the area 
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to be surveyed. A continuous record of the total magnetic field is obtained along 
each flight line by means of the AN/ASQ-3A magnetometer modified for geophysi- 
cal work. Position over variable terrain is determined by direct visual contact, 
using accurate maps if available, or trimetrogon photographs if the area is poorly 
charted or uncharted; in either case, position is recorded and correlated with 
magnetic data through the use of a modified Sonne strip camera and a system of 
coordinated relay-operated number counters. 

Position over featureless terrain or extensive water bodies is determined with 


SHORAN (AN/APN-3). Aircraft SHORAN position is obtained and correlated 


with magnetic data by number counters and a recorder operated semi-automatically 
from the SHORAN set. Effects of magnetometer drift and time variations in the 
earth’s magnetic field are minimized by the choice and arrangement of flight lines. 
Time variations in the earth’s field are recorced by a ground station. Flights are 
suspended during intense magnetic disturbances. About 100,000 square miles have 
been surveyed by these techniques. Airborne magnetic surveysin Naval Petroleum 
Reserve Number 4 in northern Alaska and in the tidelands of Louisiana and Texas 
are discussed, the first to illustrate position control by photographic methods, and 
the second to illustrate the use of SHORAN, as applied in joint undertakings by 
the Naval Ordnance Laboratory, the Naval Petroleum Reserves, and the U. S. 
Geological Survey. 


G. R. Jonnson, Radar Exploration Company. 
Offshore Surveying with Radar. 
(Read by Mr. Johnson at Los Angeles) 


A method of using radar for offshore surveying is outlined. The limitations of 
range are discussed by developing the fundamental radar equation as modified by 
the curved reflecting surface of the sea. Certain conclusions are reached as to the 
most suitable type of equipment for offshore work. A short analysis is made of the 
errors involved in the radar system with examples of how they are determined by 
comparison with chained distances. 


Mitton B. Dosrin, Naval Ordnance Laboratory, AND BEAUREGARD PERKINS, jr., 
Oceanographic Section, Joint Task Force One. 


Subsurface Exploration of Bikini Atoll by the Seismic Refraction Method. 
(Read by Comdr. Perkins at Los Angeles, Tulsa, and Pittsburgh) 


The origin and internal constitution of atolls have for the past century been 
among the most challenging mysteries in all of geology. The few attempts that have 
been made to penetrate their uncommunicative surfaces with the core drill (Funa- 
futi, 1899) and the torsion balance (Jaluit, 1918) have yielded inconclusive results. 
Meanwhile, the absence of significant subsurface data has encouraged a multiplicity 
of conflicting theories on the structural and geological history of atolls. 

In the preliminary surveys associated with the atomic bomb tests at Bikini 
Atoll, an opportunity was provided for seismic investigation of an atoll’s interior. 
Instrumentation for studying the underwater effects of the A-bombs was used to 
receive seismic waves and water waves from depth charges fired on the lagoon 
bottom along four refraction profiles extending across the atoll. Resulting time- 
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distance curves indicate three zones with distinct seismic velocities beneath 
the lagoon bottom. The uppermost zone, a 7,000 ft/sec layer probably deposited 
by shallow water calcareous organisms, is about 2,000 feet thick. An intermediate 
zone with a speed of 11,000 ft/sec has a thickness varying from 3,000 to 11,000 
feet and is of undetermined nature. The deepest zone, presumably the igneous 
basement, has a speed of 17,000 ft/sec and appears to be a buried mountain forming 
the core of the atoll. 

The seismic evidence indicates that, during the course of the atoll’s geological 
history, there has been a relative rise in sea level of at least 2,000 feet and possibly 
as great as 13,000 feet. The apparent existence of a buried mountain at 5,000 feet 
below present sea level is of special interést in view of Hess’s recent discovery that 
the Central Pacific contains numerous truncated cones with flat tops submerged 
at depths ranging from 3,000 to 6,000 feet. 

A deep boring on a typical atoll should make possible a positive identification 
of the velocity zones revealed by the seismic refraction data. Such information, 
when combined with the results of the Bikini seismic survey, should cast substan- 
tial light on the tectonics of the Pacific Basin. 


O. F. VAN BEVEREN, Geophysical Supervisor, Standard Oil Company of California. 


Seismic Exploration in Sumatra. 
(Read by Mr. Van Beveren at Los Angeles) 
A large area of jungle and swamp in Central Sumatra was mapped with 


reflection seismograph between 1937 and 1941. Field conditions are described, and 
methods used in achieving a high rate of production in spite of difficult terrain. 


JosEpH C. WATERMAN, Senior Seismologist, Shell Oil Company, Inc. 
Geophysical History of the Ten Section Field. 
(Read by Mr. Waterman at Los Angeles) 


The Ten Section Oil Field, generally regarded as the first geophysical oil field 
discovery in the San Joaquin Valley of California, was found by Shell Oil Co., 
Incorporated by means of a reflection seismograph survey made in 1934-35. The 
discovery well, Shell Oil Company, Incorporated’s K.C.L.—Stevens A-1, was com- 
pleted in June, 1936. A map presenting results of reflection shooting before discovery 
and one from well data with contours on the top of the productive Upper Miocene 
“Stevens” sand are shown. 


Joun Stoat, Union Oil Company of California. 
Geophysical History of Raisin City Field, California. 
(Read by Mr. Sloat at Los Angeles) 
The discovery history of Raisin City Field is presented because it demonstrates 
the ability of the seismograph to locate low relief structures, where closure is present 
only in certain zones, even in areas where records are of mediocre quality. The 


seismic map which led to leasing is shown, along with detail maps made several 
years later. Gravimeter maps and maps from well points are also presented. 











a6 


16. 


17. 


18. 


19. 





THE SOCIETY ROUND TABLE 


JosepH LE Conte, Geologist, Richfield Oil Corporation. 
Geophysical History of the North Coles Levee Oil Field, Kern County, California. 
(Read by Mr. Le Conte at Los Angeles) 

The North Coles Levee oil field was discovered in November, 1938. The 
location for the discovery well was based on data obtained from a reflection seismo- 
graph survey run early in the same year. A contour map, based on these reflection 
data, was prepared after five months of geophysical field work. This map outlined 
the structure with reasonable accuracy as shown by comparing it with the present 
sub-surface contour map constructed from electric-log correlations in nearly one 
hundred wells which have been drilled in the field as of December, 1946. 


R. W. SHOEMAKER, The Ohio Oil Company. 
Geophysical History of Canal Oil Field, Kern County, California. 
(Read by Mr. Shoemaker at Los Angeles) 

The discovery well of the Canal Oil Field was located with the help of dip 
reflection seismograph work. Three separate surveys were made before discovery 
of the field in 1937. Only the last of these surveys indicated structural closure. 
After discovery of the field an additional survey was made to obtain information 
on which to base a field development program. 


W. R. RansoneE, Managing Partner, Geochemical Surveys. 
Geochemical History of the Hardy Field, Jones County, Texas. 
(Read by Mr. Ransome at Los Angeles and Houston) 

The Hardy Field was discovered in November, 1943, asa result of a geochemical 
survey of a portion of Jones County, Texas. This survey was commenced in August, 
1942. The discovery well opened a new Canyon Sand pay zone and development of 
the field has shown that this sand pinches out across a nose forming a typical strati- 
graphic reservoir. The lack of other corroborating evidence, such as subsurface 
control, makes the exploration history of the Hardy Field unusual. 


N. J. SmirH AND G. W. Gutmon, The California Company. 
Geophysical History of Lake St. John Field, Concordia and Tensas Parishes, 
Louisiana. 
(Read by G. W. Gulmon at Los Angeles and Houston) 

This paper discusses chronologically the geophysical methods used in discover- 
ing the Lake St. John Field in Concordia and Tensas Parishes, Louisiana, and com- 
pares the results of these with the structure revealed by subsequent drilling. The 
discovery well was drilled in 1942 and the field has produced approximately 6,309,- 
976 barrels to date. 


Joun H. Witson, Vice-President, Independent Exploration Company. 
Case History of the Fort Collins Extension, Larimer County, Colorado. 
(Read by Mr. Wilson at Los Angeles) 
The results of a gravity meter survey of the Fort Collins Field, Larimer County, 


Colorado, both before and after elimination of regional effects, is presented, together 
with subsequent seismograph and subsurface studies which led to the development 
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of a small northward extension of the Fort Collins Oil Field. Other geophysical work 
in the area is reviewed. 


20. G. S. LAMBERT, Shell Oil Company. 


Case History of the Antelope Pool, Southwest Clay County, Texas. 
(Read by Mr. Lambert at Los Angeles and Tulsa) 


21. W. E. HoLirmncswortu, Seismograph Supervisor, Sun Oil Company. 
Geophysical History of the East Field, Jim Hogg County, Texas. 
(Read by Mr. Hollingsworth at Los Angeles) 

The geophysical work which led to the discovery of the East Field in Jim 
Hogg County, Texas, was started in 1934, when a single line of torsion balance sta- 
tions was run across the area. Core drilling followed in 1938 and 1939. Reflection 
seismograph work was done in 1942 and outlined the field. The discovery wells 
were drilled in 1942 and 1943. 

22. GLENN E. Baber, Chief Seismic Computer, Humbie Oil and Refining Company. 
Geophysical History of the Anahuac Oil Field, Chambers County, Texas. 
(Read by Mr. Bader at Los Angeles and Houston) 

Early geophysical exploration in the Anahuac area from 1925 to 1929 included 
refraction fan shooting and a torsion balance survey. A reflection dip survey in 
1933 indicated a large structural closure on which the discovery well was drilled in 
1935. No detailed geophysical work has been done on the structure since the dis- 
covery of the field. 


23. D. C. SKEELS AND Raout Vajxk, Standard Oil Company of New Jersey. 


Geophysical Exploration and Discovery of the Budafapuszta (Lispe) Oil Field in 
Hungary. : 
(Read by Dr. Skeels at Los Angeles) 

Interest was first attracted to the Budafapuszta area by its geographical 
position on the eastward projection of a known surface anticline, which had pro- 
duced small quantities of oil at Peklenicza and Szelnicza. A test was located in 
1920 ona small surface feature, and completed in 1923 asa dry hole. In 1934 a torsion 
balance survey was made by Eurogasco, a subsidiary of the Standard Oil Co. 
(N.J.) which indicated a dome with its crest 1500 m. north of the dry hole. A 
reflection survey verified the presence of the structure. The discovery well was lo- 
cated by the torsion balance data, and completed as a producer in 1937. A gravity 
meter survey made after the first two producers had been drilled, gave further in- 
formation on the structure and assisted in the development of the field. This 
exploration history shows that a properly made torsion balance survey may be very 
efficient and economical even in hilly country. A geological map of part of the Szel- 
nicza-Peklenicza anticline, a topographical map, torsion balance, seismograph and 
gravity meter maps, a seismograph cross section and a subsurface contour map of 
the Budafapuszta structure are submitted. 


24. T. KOULOMZINE AND LEO Brossarp, Koulomzine, Geoffroy, Brossard and Co, 
Use of Geophysics in Prospecting for Gold and Base Metals in Canada. 
(Read by Cecil H. Green at Los Angeles) 
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EuGENE FroweE, Physicist, Robert H. Ray Co. 
A Total Field Magnetometer for Mobile Operation. 
(Read by Mr. Frowe at Los Angeles and Pittsburgh) 


A magnetometer which measures the earth’s total magnetic field is described. 
The detector or measuring element of the magnetometer contains three mutually 
perpendicular elements, two of which are utilized to orient the third, which in turn 
operates a recording apparatus to record the total magnetic field. The detector 
elements are of the inductive type and do not require ferromagnetic material to give 
them the high sensitivity required in geophysical work. 

The presence of a magnetic field in the region of the detector causes alternating 
currents to be generated in the detector elements. These currents are amplified to 
actuate thyratron tubes, which control the orienting and neutralizing functions 
of the magnetometer. A tape recorder gives continuous field readings. The accuracy 
of the magnetic data taken is better than ten gammas. 


Ws. Braptey Lewis, Vice-President, The Elflex Company. 
Practical Considerations for Electrical Prospecting. 
(Read by Mr. Lewis at Los Angeles) 


The possibility of detecting oil directly through its electrical resistivity pre- 
sents an incentive for investigating electrical methods that show evidence of suf- 
ficient working depths. By the use of low frequency commutated currents, effects 
are obtained from several thousand feet below the surface. Experimental evidence 
of working depths is presented. 


R. W. CRABTREE, Hercules Powder Company. 
History of Explosives, Present Relation to Seismograph Work. 
(Read by Mr. Crabtree at Los Angeles) 


1. A brief discussion of the history of explosives with particular reference to the 
difficulties involved in the development of a seismic explosive capable of meeting 
the extremely varied requirements of reflection shooting. 

2. Deep shot hole shooting. Effect of pressure on general characteristics of a seismic 
powder and possible changes in rate of detonation and sensitivity. Use of strong 
electric caps in deep hole shooting. 

3. Effect of changes in rates of detonation to obtain better reflections in so-called 
“dead” areas. Size of charges. 

4. Vibrations and possible effect on water wells and oil wells. 

5. Directed energy. A brief discussion on the shaped charge and its possible use 
in the seismograph field. 


Ray Dosyns, Magnolia Petroleum Company. 
A Study of Seismic Character and Energy Return from Shooting High and Low 
Velocity Explosives. 
(Read by Mr. Dobyns at Los Angeles) 


This paper is a report of an investigation of the possibilities of changing the 
character of reflection records by shooting explosives which vary in detonation 
velocity from 5,000 ft./sec. to 21,000 ft./sec.; and also to determine what energy 
return would result from shooting such various explosives in refraction work. In- 
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vestigations were made on seismic parties operating in Florida, Mississippi and 
Texas. A discussion of results and presentation of records will be made. 


C. Hewitt Drx, Vice-President, United Geophysical Company. 
Seismograph Results in three Dimensions. 
(Read by Dr. Dix at Los Angeles) 


It is assumed that, by a sufficiently accurate process, reflection depths, dips, 
strikes, and horizontal off-sets are determined at many places in a three-dimensional 
region under exploration. Any trace (preferably straight) on the map of the area 
explored can be selected, under which a vertical cross-section may be made. This 
vertical cross-section is made by projecting, into this section, the reflectors, re- 
garded as plane reflectors. Because of the failure of the hypothesis of planeness of the 
reflectors the distance of projection (in the plane of the reflector) is kept to a mini- 
mum. The process may be applied to a whole network of traces on the map using 
the same horizontal and vertical scales as the map scale. The sections may be made 
on transparent plastic sheets (say 0.020 inch thick) and erected on the map with the 
aid of half-cut slots (egg-crate fashion) at intersection points. Such a transparent 
cellular network can be studied directly as it rests in its correct position on the 
map. 

Although the above process is especially useful in the study of complicated 
seismograph interpretive problems, it is more valuable yet as a means of com- 
municating seismograph results to geologists and other exploration technicians and 
executives who are not geophysicists. The presently discussed vertical sections may 
be contrasted with the “regular seismograph cross-sections” made without three-di- 
mensional control. The distortion introduced on the “regular sections” is neither 
under close control nor is it easily explained to the person who is not a geophysicist. 
Too much distortion in the medium of communication from a geophysicist to geolo- 
gist may lead to misunderstandings which may reflect backward and forward with 
distressing results to all concerned. It is the writer’s opinion that the above “ver- 
tical section” method will assist in the solution of this communication problem, 
thus making seismograph results more valuable in many areas. 


RosBert H. MAnsFIELD, Seismologist, United Geophysical Company. 
Universal Slide-Rule for Linear Velocity vs. Depth Calculations. 
(Read by Mr. Mansfield at Los Angeles) 
Described in detail in the main body of the paper is a circular slide rule designed 
to use for many calculations where the seismic velocity varies linearly with distance 
from a datum plane (usually horizontal), i.e., where V=Va+aZ. 


P. E. HaAGGERTY AND R. W. Otson, Geophysical Service, Inc. 
Preliminary Results of a Study of Seismograph Sensitivity Requirements. 
(Read at Los Angeles) 

The sensitivity of a seismograph system need be no greater than such as to 
raise the lowest expected ground disturbance level to a reasonable fraction of full- 
scale deflection. This paper draws preliminary conclusions from data on ground dis- 
turbance level as related to wind, temperature, and other factors in an effort to 

















32. 


33- 


THE SOCIETY ROUND TABLE 495 


determine the minimum ground disturbance level which may be expected for any 
appreciable period of time. 


Puit P. Gasy, Consulting Geophysicist, Standard Oil Company of California. 
Grading System for Seismic Reflections and Correlations. 
(Read by Mr. Gaby at Los Angeles) 


The modern reflection seismograph places progressively more emphasis on con- 
tinuous profiling. The use of the continuous profile method automatically makes 
possible the computation of dip and the plotting of dip cross sections. Funda- 
mentally the accuracy of a dip computed on such a continuous profile symmetrical 
record is of the same order as the accuracy of a “correlation” between adjacent 
records because the dip consists of a continuous profile correlation over the same 
length of subsurface base line as that obtained by “correlation” of adjacent, con- 
tinuous profiles. 

Dip computation is the fundamental procedure in areas of discontinuous cor- 
relation. Further, the use of dip and of correlation provides two essentially inde- 
pendent approaches to the determination of subsurface structure. The combination 
of the two is used to provide more uniformly accurate results than can be had 
through the use of either one alone. 

We require a practical method for sorting and grading the accuracy of dip 
indications and of correlation, which system should be based on substantially the 
same fundamentals in each case and should be as free as possible from the vagaries 
of personal judgment. 

A system is outlined which is adapted to both purposes. In evaluating dip 
attitudes, the grade indicates: 

(1) The certainty with which the event may be identified as a true reflection, 

and 

(2) The accuracy of the indicated dip. 

Similarly, in evaluating correlation, the grade indicates: 

(1) The certainty with which the events being correlated are known to be 

correlatives, and 

(2) The accuracy of the indicated correlation drop. 

These grades, placed on the cross section, serve as a guide in sorting out any 
conflicting information at the time the interpretation (and map) is being made. 
The use of such grades allows the concentration of all pertinent information in one 
place where any conflicting evidence can be weighed in terms of relative merit. 


F. A. VAN MELLE, Research Seismologist, Shell Oil Company. 
Wave-Front Circles for a Linear Increase of Velocity With Depth. 
(Read by Dr. Van Melle at Los Angeles and Houston) 

Formulae are derived which express the depth of the center of the wave-front 
circle and its radius as simple algebraic functions of known geometric quantities. 
By virtue of their simplicity these formulae are readily applicable to the migration 
of reflections. While not intended to replace wave-front charts in areas of steep dip, 
they have proved their usefulness in areas of moderate dip, where not all the 
reflected events have to be migrated. 
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Harry L. THOMSEN AND GERALD A. Burton, Shell Oil Company. 
Winter Operation of Geophysical Equipment in the Rocky Mountain Area. 
(Read at Los Angeles) 

A large increase in geophysical activity in the Rocky Mountain Area has oc- 
curred during the last few years. In the past, most of the activity has been seasonal 
because of adverse weather conditions during the winter months. However, growing 
competition has resulted in a tendency for geophysical crews to carry on operations 
throughout the winter. The authors review the performance of several crews which 
have had experience in winter work, summarize problems connected with winter 
operations and discuss methods which have been developed to improve efficiency 
under these conditions. 


BEAUREGARD PERKINS, JR., Oceanographic Section, Joint Task Force One, AND 
DEAN S. GARDER, THOs H. PEARCE, AND R. M. Patterson, U. S. Coast and 
Geodetic Survey. 

Subsurface Structure of Snake River Valley, Idaho, From Seismograph Records of 


Ammunition Explosions. 
(Read at Los Angeles) 


In August and October, 1945, and October, 1946, a series of explosions of un- 
serviceable ammunition was made by the Army-Navy Explosives Safety Board. 
The charges ranged from 38,000 lbs. of TNT to 500,000 Ibs. and were observed at 
distances ranging from 600 feet to 51,000 feet. 

Three distinct velocity zones are indicated. The subsurface to a depth of 700 
feet is shown by logs of two water wells. 

The first zone, comprised of thick beds of lava separated by thin layers of clay, 
sand and gravel, has a sound velocity of 6,600 ft. per sec. and is approximately 
500 feet thick. The second zone is similar to the first to a depth of 700 feet except 
for the presence of water. The sound velocity in this bed is 9,900 ft. per sec. It 
apparently starts at the water table and extends to a depth of 4,500 feet. The 
third zone transmits the sound wave at 19,800 ft. per sec. and may be tightly 
folded sediments or igneous rock. 

Absorption Coefficients for the third zone are calculated: 

P-wave—Period 0.2 sec. =0.14 per km. 
S-wave—Period 0.5 sec. =0.09 per km. 


S1icMUND HamMER, Head, Gravity Interpretation Section, Gulf Research and 
Development Company. 
Geophysical A pplications of the ““Law of Propagation of Errors.” 
(Read by Dr. Hammer at Los Angeles, Tulsa, and Pittsburgh) 


The “Law of Propagation of Errors” in the Theory of Errors will be discussed 
briefly. Its broad field of usefulness in planning and conducting geophysical 
prospecting operations will be illustrated by applying it to selected typical prob- 
lems. The problems will include the relative importance of errors in the various 
factors which enter seismic velocity and depth determinations, the reliability of 
gravimeter calibrations, and the weighting of data. The paper will emphasize 
physical principles. 
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37. N. C. STEENLAND, Columbia University. 


Deflection of the Vertical in the Bahamas. 
(Read by Mr. Steenland at Los Angeles) 


Discrepancies between astronomic and geodetic distances between stations in 
the Bahamas are discussed with reference to the great topographic relief of the area. 


M. Kinc Huppert, Associate Director, Exploration and Production Research, 
Shell Oil Company. 


Calculations by Line Integrals of Gravity Anomalies Produced by Two-Dimen- 
sional Masses. 
(Read by Dr. Hubbert at Los Angeles and Houston) 


Many computing schemes have been devised for determining the gravity 
anomalies produced by two-dimensional masses. Most of these are based upon the 
evaluation of an areal integral and require specially constructed templates or 
tables. In the present paper it is shown that the gravity anomaly Ag at the origin 
of coordinates, produced by a two-dimensional mass of constant density contrast 
Ap, may be obtained quite simply by means of either of the line integrals 


g=2kAp § 6dz= — 2kAp $ 2d8, 


where z is the vertical coordinate, and 6 the polar coordinate expressed in radians 
of a point on the periphery of the mass in a plane normal to its axis and passing 
through the origin. The z axis may be taken.as positive downward, and the angle 0 
regarded as intrinsically positive from o to 7, whether clockwise or counter-clock- 
wise. 

The line integrals are evaluated around the periphery of the mass and are of 
opposite sign if taken in the same direction of traverse, or are of the same sign if 
taken in opposite directions. 

For use of these integrals no special equipment is required other than a simple 
template consisting of radial lines 9=constant, and horizontal lines z=constant, 
which can be constructed in a few minutes with protractor and scale. This can be 
constructed either for 1:1 or for an exaggerated vertical-to-horizontal scale. 


M. Kinc Hvussert, Shell Oil Company. 
Gravitational Terrain Effects of Two-Dimensional Topographic Features. 
(Read by Dr. Hubbert at Los Angeles and Houston) 


If terrain corrections are not systematically made when conducting gravity 
surveys, it is a matter of some importance to locate stations away from points 
for which this effect is a maximum. While this fact is fully appreciated, our litera- 
ture is deficient in information that a field man could use telling him bow large 
would be the effect of a given topographic feature, or how far away the station 
should be placed to keep the error within prescribed limits. 

To meet this need continuous profiles of terrain effects across 47 different forms 
of two-dimensional topography have been computed and are presented herewith. 
These are expressed dimensionlessly so that each figure represents an infinite class 
of features having the same shape. In addition, the profile for each plotted ridge is 
also valid for valleys of the same form, but inverted. The data thus are applicable 
to a double infinity of cases. 
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These profiles are also useful to the interpretive staff for determining quickly 
whether certain small anomalies are significant, or whether they are more probably 
the result of local uncorrected terrain. 


Hucues M. Zenor, Consulting Physicist. 
A New Gravity Meter. 
(Read by Mr. Zenor at Los Angeles) 


A land-operated gravity meter has been developed to meet the need for a 
smalk, portable instrument. A new spring suspension and reading mechanism are 
used; the dimensions, weight, and battery requirements have been kept to a mini- 
mum, in order that it may be extremely portable. A modification of this instru- 
ment, suitable for surveying water-covered areas is anticipated in the near future. 


SicmuND Hammer, Gulf Research and Development Company. 
A New Calculation Technique for Quantitative Inter pretation in Gravity Prospecting. 
(Read by Dr. Hammer at Los Angeles, Tulsa and Pittsburgh) 


In this technique, the densities of the various strata in an assumed geologic 
structure are considered as unknown and determined by Least Squares to give 
the best possible fit between the computed and observed gravity effects of the 
assumed structure. If the computed result does not fit the observed data, it 
is immediately evident that the assumed structure is incorrect because 
no trial and error manipulation of the density values can improve the fit. If the 
computed result does fit the observed data, the reasonableness of the computed 
densities is the principal criterion for judging the geologic reasonableness of the 
interpreted structure. 

The technique has been tested in practice and has been found very useful. It is 
especially convenient for utilizing gravity data to choose between different struc- 
tures postulated by equally competent geologists. Examples will be shown. 


DAN SILVERMAN, J. D. EISLER, AND J. F. Evans, Stanolind Oil and Gas Company. 
Vehicle-Borne Instrument for Continuously Indicating Road Elevations. 
(Read by Dr. Silverman at Los Angeles, Houston, Tulsa, and Pittsburgh) 

An electromechanical device mounted in a moving vehicle capable of indicating 
differences in elevation between successive points along a traverse is described. 
Principle of operation, constructional details and operating techniques are treated 
at length. Examples of elevation survey data obtained with the instrument under 
actual field conditions are presented. 


L. W. Peay, Development Engineering Company. 
Development of a Portable Vacuum-Tube Volt Meter for Field Use. 
(Read by Mr. Peay at Los Angeles) 

This paper covers the development of a battery operated vacuum-tube volt 
meter designed for field application, primary considerations to be light weight, long 
battery life, high input impedance, and reliable and accurate measurements under 
extreme conditions. 
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44. SHELLEY Krasnow, Geophysical Instrument Company. 


45. 


46. 





An Improved A pparatus for the Gish Rooney Resistivity Measurement Technique. 
(Read by Mr. Krasnow at Los Angeles) 


In the more than twenty years that have elapsed since the development of the 
prospecting technique of Gish and Rooney, utilizing commutated direct currents, 
there has been a substantial evolution in instruments used for the purpose. 

A newly improved instrument is described indicative of this evolution, charac- 
terized largely by its light weight and compactness. This is achieved by mounting 
the commutator integrally with the measuring unit, contrary to the older practice 
of separating the two. A motor drive for the commutator is included. Emphasis is 
placed on the combined use of the guard ring principle and on electro-magnetic 
shielding. Potentiometer slide wire current settings are made by means of an “<arti- 
ficial earth’’ avoicing the usual] standard cell and tencing to cancel tke error in the 
current measuring meter. Instrumental improvements, including apparatus with 
measuring instruments, commutator and batteries, allin one unit, an electroce rota- 
tion switch for profiling due to Shepard, a commutator capable of carrying as much 
as 6 amperes for short periods and an integrally mounted mirror and pointer null 
galvanometer are described. 


J. D. EISLER AND D. SILVERMAN, Stanolind Oil and Gas Co. 
Multichannel Pen Recorder for Electrical Logging Operations. 
(Read at Los Angeles) 


Principle of operation, constructional details and performance of a servo- 
mechanism type pen recorder are described. The recorder comprises two independent 
channels of servo-amplifier and motor, each capable of moving an inking pen in a 
rectilinear fashion across a chart moving proportional to the bore hole depth tra- 
versed by an electrode array. The speed and resolution of the recorder is more than 
adequate for electrical logging requirements. The recorder is capable of recording 
both d.c. and a.c. signals. 


M. J. Test, Geophysical Instrument Company. 
Two Recent Improvements in Radioactivity Prospecting Apparatus. 
(Read by Mr. Test at Los Angeles and Pittsburgh) 


Details are given of an “all-metal” Geiger-Muller counter tube, with the 
insulating material in its interior reduced to a minimum. This construction has 
improved:mechanical robustness, at the same time lowering background count by 
avoidance of spurious charges. Such tubes have been successfully employed in 
geophysical exploration. 

Argon and alcohol vapor filling has enabled production of tubes having cosmic 
ray efficiencies over 99 per cent, plateaus over 200 volts long and plateau slopes 
within 1/rooth of 1 per cent. 

A portable radioactivity detector is described, having a weight less than 4} 
Ibs. (including batteries and headphones). This light weight is attained by a compact 
oscillator circuit supplying the Geiger-Muller voltage from a 135-volt B Battery. 
Filtering and regulation for the high voltage are described. The compactness and 
ruggedness of the unit adapt it for radioactive mineral prospecting. Mineral 
samples may have their activity measured in an annular container surrounding 
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the Geiger-Muller tube. Standardization is effected by standard samples incorporat- 
ing a known quantity of radioactive material. 


B. L. SNAVELY, R. BERESFORD, H. N. CLARKSON, K. W. Erickson, GALE WHITE 
AND J. V. ATANASOFF, Naval Ordnance Laboratory. 


Use of a Water-Coupled Microphone System for Seismic Surveying. 
(Read by Mr. White at Los Angeles, Tulsa, and Pittsburgh) 


The use of pressure sensitive microphones in place of inertial geophones for 
underwater seismic prospecting is made possible by the direct relation between 
ground motion and corresponding variation in water pressure. The Naval Ordnance 
Laboratory’s Mk 1 Acoustic System features a sensitive, low-impedance hydro- 
phone responsive to frequencies from zero to 300 cycles per second, and consists in 
principle of an inductance whose variation with pressure produces linear unbalance 
of a 1,000-cps. a. c. bridge. The sensitivity of this instrument is comparable to that 
of a standard geophone, and it may be simply calibrated in absolute units. 

This system has been successfully used in seismic investigations in the Caribbean 
and in the shallow water off the United States East Coast during the war. It was also 
used in the refraction survey which investigated the subsurface structure of Bikini 
Atoll at the time of the atomic bomb tests there. 

Associated equipment necessary to the collection of data for an underwater 
survey include: 

(1) Recording instruments, 

(2) Communicating facilities, such as radio, to coordinate recording and shooting 

parties and to transmit shot moments. 

(3) Shot-point and hydrophone locating techniques of necessary accuracy. 

(4) Facilities for laying and retrieving hydrophones and cable, and 

(5) Facilities for handling and detonating underwater explosives. 

The Bikini survey is cited to illustrate the function of these essential elements, and 
to suggest some practicable variations. 

Performance of the Mk 1 System indicates its possible utilization in both re- 
fraction and reflection. underwater seismic investigations. 


. C. L. Pexeris, Columbia University. 


New Methods for the Interpretation of Seismic Records From Under-Water Ex- 
plosions, With A pplications to a Study of the Structure of the Ocean Bottoms at Several 
Stations on the Eastern Continental Margin. 

(Read by Dr. Pekeris at Los Angeles and Pittsburgh) 

A study of the wave theory of the propagation of explosive sound in shallow 
water revealed that, in addition to the arrival times of the various refracted waves 
used in the seismic exploration of the ocean bottoms by the standard refraction 
method, the pressure wave received at large ranges from the source should exhibit 
the following features, which are also characteristic of the depth of water and the 
structure of the bottom: 

1. In case of a uniform bottom extending down to a depth many times the 
depth of water, the ground wave should begin with a so-called limiting period, 
which is characteristic of the depth of water and the sound velocity in the 
bottom. 

2. The ground wave should be followed by a water wave which is propagated 
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with the speed of sound in water, and which has the form of an oscillation 
of gradually increasing period. This dispersion in the water wave (The 
Ewing Effect) is such that each..period travels with a characteristic 
velocity. From the observed period-velocity curve one can infer the 
structure of the top layers of the bottom. 

3. The water wave shouid arrive riding on a low frequency wave called the 
rider wave, whose period just prior to the arrival of the water wave is char- 
acteristic of the depth of water and the structure of the bottom. 

4. The amplitude of the water wave should increase to a maximum and should 
decrease thereafter, while the period should remain constant after the 
maximum is passed. The value of this period, called the Airy Period, is 
again characteristic of the depth of water and the structure cf the bottom. 

5. Ina layered bottom in which the top layer is only of the order of the depth 
of water, the secondary arrivals and the rider wave should be relatively weak. 

All of the above theoretically predicted new features have been discovered 

and measured in a study of more than 120 records obtained by Prof. M. Ewing and 
L. Worzel at five stations on the Eastern Continental Margin. The deductions about 
the structure of the bottom made from the various features, including the standard 
refraction data, agree among themselves. 


J. L. Worzet, Columbia University. 
Ocean Bottom Sampler for Ships Under Way. 
(Read by Mr. Worzel at Los Angeles) 

A simple bottom sampler has been developed which may be used from ships 
moving at speeds up to 12 knots. The sampler is allowed to fall freely under its own 
weight, and is recovered by reeling in the wire attached to the front. The open 
tube at the front scoops about 3 pint of material from the upper few inches of mud, 
sand, or coral bottoms. 

Models have been built with trap doors to close the tube after the sample was 
taken, and to allow a free flow of water through the tube, but these refinements have 
been discarded as the difference in samples was negligible. 

The ability to use the sampler under way makes the location of the position of 
a sample easier and more accurate, since the ship can maintain its course. 

Existing models have been used in depths up to 300 fathoms, and one man 
can take samples from a ship making 8 knots in three minutes in 10 fathoms of 
water, and in 8 minutes in 100 fathoms, with a winch using a 2 h.p. motor. 


Maurice EWING AND FRANK PRrEss, Columbia University. 
Seismic Measurement of Distance in Shallow W ater. 
(Read at Los Angeles) 
The principal factors affecting the speed of sonic signals in shallow water will be 
discussed. 
FRANK PRrEsS AND MAvRICE Ew1nc, Columbia University. 
Weathered Layer in Water-Covered Areas. 
(Read at Los Angeles) 


Various methods of evaluating depth and velocity of a low speed bottom layer 
in water-covered areas are discussed. 
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T. P. Ettswortu, Chief Geophysicist, Richfield Oil Corporation. 
Résumé of Symposium on Multiple Reflections. 
(Read by Mr. Ellsworth at Los Angeles and Houston) 
A condensation is given of discussion on Multiple Reflections presented in 


Los Angeles, November 7, 1946, by Messrs. T. P. Ellsworth, John Sloat, Joseph C. 
Waterman, W. D. Cortright, Frank Ittner, C. H. Johnson, O. C. Lester, Jr., and 


mal and rare reflection coefficients associated with the best examples of known mul- 
tiple reflections are emphasized and limiting factors pointed out. Several illustrative 
records are presented. Other late arriving reflections are shown that may have been 
“Multiple Reflections” but could be due to other causes. Experiments attempting to 
record reflections from the earth’s surface are reported. This is a collective endeavor 
to stimulate study and discussion of unusual reflection seismograph phenomena 
rather than a design to achieve final conclusions. 


M. B. Wipess, Geophysicist, Stanolind Oil and Gas Company. 
Multiple Reflections in Seismic Surveying. 
(Read by Mr. Widess at Los Angeles) 

Multiple reflections are classified and their properties examined. Analysis of a 
specific example favors conclusion that the intermediate reflection is at the base of 
the low velocity layer. Multiple reflections may appear as individual arrivals or a 
large number of them may combine to produce {‘Cumulative Multiple Reflections.” 
It is suggested that most of the abnormally late reflections which appear to origi- 
nate below the basement complex are in reality multiple reflections, possibly of the 
cumulative type. 





PAPERS READ BY TITLE 


E. D. Atcock AND K. H. Waters, National Geophysical Company. 
A Shooting Method for Areas of Difficult Drilling. 
(Read by Dr. Alcock at Tulsa) 


A method of shooting has been described which may be used, in areas where the 
drilling conditions are difficult, to obtain a relatively large amount of information 
for each hole drilled. The method approximates to a variant on the reflection velocity 
profile when dips are small, but new methods of computation have been devised 
when steep dips are encountered. 


K. H. Waters, Supervisor, National Geophysical Company. 
The Geometry of Steep Dip Reflection Work With Some Implications of Importance 
in Interpretation. 
(Read by Dr. Alcock at Tulsa) 

By the method of differential geometry some conditions have been established 
whereby the reflecting point for a given subsurface structure and a given shot 
point may be found. This is illustrated by formalized structures which can be 
represented by an algebraic equation. An extension of the method in which the 
algebraic analysis is replaced by graphic methods leads to procedure by which the 
reflecting point for a given shot point can be found whenever a contour map of the 








56. 


58. 


59. 


61. 





57: 











































THE SOCIETY ROUND TABLE _ §03 
subsurface horizon is given. The possibility of “homostratic’”’ reflections (that is, 
more than one reflection from the same horizon) is shown. 


R. Maurice Tripp, Consulting Geophysicist, The Geotechnical Corporation. 
“Ts it an Anomaly?” 

The advantages of applying modern statistical methods to geophysical data 
are pointed out as an aid to objectively evaluating prospects. The mechanics of 
statistically reducing data are discussed and an hypothetical prospect is analyzed 
as an illustration. 


G. J. Lone, Standard Oil Company of Texas. 
A Velocity Analysis of the East Coalinga Nose Area of California. 


This paper describes a method which was used to apply a velocity correction to 
seismic reflection work, located on the east flank of the Coalinga nose in Fresno 
County, California. Velocity information obtained from two well surveys within 
the prospect, indicated the presence of lateral variations in vertical velocity of suf- 
ficient magnitude to cause errors in depth calculations in excess of 500 ft. at horizons 
of interest. Velocity determinations were shot using the X?— 7? method in order to 
supplement the well information. Using this information it was possible to construct 
variable brachistochrones from which each profile was calculated on an individual 
vertical velocity function. The purpose of the work was to outline the limits of pro- 
duction on an existing field of the stratigraphic type. The results indicated that this 
was done satisfactorily. 


E. J. STULKEN, Seismologist, Geophysical Service, Inc. 
Preparing Reports on Geophysical Prospecting. 

Readers’ needs for complete, concise, clear, restrictive accounts of geophysical 
prospects should determine reports. Considering geologists’, executives’, and re- 
viewers’ viewpoints, one serviceable order of topics is: Introduction, Discussion 
of Data, Results, Maps, Supplement—Field Operations. Usual contents of these 
and lesser headings are set forth as an aid to report writing. Pleasing form and style 
are attainable through adherence to carefully developed standards as well as through 
a functional approach to sentence structure. Special reports on operations, projects, 
or interpretation problems comprise valuable records of hard-won findings which, 
used as references, effectively shorten prospect reports. 


J. W. MILLER, Stanolind Oil and Gas Company. 
A pplication of Radar to Offshore Surveying. 


. E. E. Rosarre, Consulting Geophysicist, Subterrex. 


Subsequent History of the Apparent Failures of the First Gulf Coast Refraction 
Cam paign. 
J. P. Woops, The Atlantic Refining Company. 
Design Equations for the Rotating Coil Galvanometer. 
(Read by Dr. Woods at Houston) 


The equations and equivalent electric circuit for a simple electromagnetically 
driven vibrator are given for reference. Matching the vibrator to its power source 
is discussed, and a power sensitivity is defined. The design of a rotating coil gal- 
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vanometer element is considered from the viewpoint of this power sensitivity. The 
construction of such an element is described, and data are given showing the per- 
formance of the completed galvanometer. 


62. LEE B. PARK AND ALEXANDER E. McKay, The Atlantic Refining Company. 
Geophysical History Block 31 Field, Crane County, Texas. 


The Block 31 Field located on University of Texas lands in Crane County, 
Texas, was a seismograph discovery as a result of both refraction and reflection 
surveys over a period from 1937 to 1944. These surveys are discussed and maps are 
presented. 

The discovery well, The Atlantic Refining Company No. 1-A University, 
Section 33, Block 31 UTL, Crane County, Texas, was completed November 109, 
1945. The field produces from beds of Devonian and Ordovician (Ellenberger) 
ages. 


MINUTES 


ANNUAL BUSINESS MEETING 
March 25, 1947 


The annual business meeting of the Society of Exploration Geophysicists was held 
in the Music Room of the Biltmore Hotel, Los Angeles, California. The meeting was 
called to order by President J. J. Jakosky at 2:00 P.M. 

Dr. Jakosky expressed the appreciation of the Society to Cecil Green, General 
Program Chairman and to the local and regional committees for their splendid support 
and cooperation in arranging the program. 

Minutes of the Annual Meeting held in the Stevens Hotel, Chicago, Illinois, April 
I, 1946 were read by the Secretary. Approved as read. 

A Treasurer’s Report and Membership Report were given by the Treasurer. Re- 
ports accepted. 

Outgoing Editor, L. L. Nettleton gave the Editor’s Report (Exhibit I) covering the 
two year period, April 1945 to 1947. Total number of papers published—68. Total 
pages technical material—763. Report accepted. 

A Student Memberst ip Report (Exhibit IV) was made by R. S. Jackson, committee 
chairman. Mr. Jackson reported tl at 60 colleges and universities had been solicited. Six 
student membership applications tad been received by January 1, 1947, and 49 applica- 
tions for membership had been received since January 1, 1947. Report accepted. 

A report on the Award for Best Paper (Exhibit V) was made by Roland Beers. 
Report accepted. 

A report of the Constitution and By-Laws Committee (Exhibit IIT) was made by 
W. M. Rust Jr. Report accepted. 

A report of the Committee on Geophysical Education was made by Father James 
B. Macelwane. Report accepted. 

A report on the Case History Volume (Exhibit II) was made by Henry C. Cortes. It 
was reported that 15 to 20 more papers were needed to complete the volume. Companies 
not contributing to the volume were to be canvassed so that they would have another 
chance to contribute. Deadline for receiving papers was set as July 1, 1947. 
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Results of the balloting for new officers of the Society were announced by the 
Chairman of the Nominating Committee, Dr. J. J. Jakosky, as follows: 


President Vice-President 
Cecil Green 494 L. L. Nettleton 633 
Joseph Sharpe 339 Homer G. Patrick 199 
Secretary-Treasurer Editor 
T. A. Manhart 459 M. King Hubbert 453 
B. G. Swan 350 Frederick Romberg 372 


Messrs. Green, Nettleton, Manhart and Hubbert were therefore formally declared 
elected. There were a total of 872 ballots cast. Thirty-four ballots were disqualified: 5 
were late; 8 were not properly identified; and 21 for non-payment of dues. 

A report on the volume “Early Geophysical Papers of the Society of Exploration 
Geophysicists” was made by George E. Wagoner. It was reported that the volume 
would contain 865 pages and would include 3 special papers and all geophysical trans- 
actions printed prior to GEopuysics, Volume I, 1939. The volume was in the hands of 
the printer and publication date would be between May 1 and May 15, 1947. The 
price would be $5.00 to members and subscribers and $6.00 to others. 

Announcement was made by President Jakosky of the establishment of the perma- 
nent business office of the Society in the Ritz Building, Tulsa, Oklahoma. Dr. Jakosky 
then introduced Colin C. Campbell, the Society’s new Business Manager. Mr. Camp- 
bell expressed his desire that the membership use the facilities of the business office. He 
then introduced his assistant, Mrs. Colin C. Campbell. 

Dr. C. A. Heiland, President of the Rocky Mountain Geological Society gave a 
formal invitation to the Society to hold its 1948 Annual Meeting in Denver. 

Announcement was made by the Secretary of the application of the Geophysical 
Society of Tulsa for affiliation with the Society of Exploration Geophysicists as a local 
section. It was stated that the application had been favorably accepted but could not 
be acted on until after the approval of the new Constitution and By-Laws. 

Dr. Jakosky expressed the hope that other regions would organize such chapters. 

Announcement was made of the dates of Regional Spring Meetings in Tulsa, 
Houston and the Eastern districts. 

Announcement was made by President Jakosky that the Business Committee, as 
authorized by the Constitution and By-Laws (Article VIII, Section A, Paragraph 1) 
‘recommended that the proposed constitutional changes be submitted to the membership 
by mail ballot. A motion was made by Mr. Henry Cortes and seconded by L. L. Nettle- 
ton, that the proposed revision of the Constitution and By-Laws be submitted to the 
members of the Society by mail ballot, according to Article VIII, Section A, Paragraph 
1 of the Constitution. Motion carried. 

As there was no further business, the meeting was adjourned. 

GEORGE E. WAGONER, Secretary 


EXHIBIT I. EDITOR’S REPORT 
For the Two-Year Period April, 1945 to April, 1947 
The following figures represent the technical material which has been published in 
Gropuysics during the two-year period: 
Total papers published 68 
Total pages of technical material 763 
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It is of interest to show the sources of the papers and the large extent to which 
technical papers for publication in GropHysics depend upon the Annual Meeting. 
This is indicated by the following table showing the origin of the 68 papers published: 


From papers listed at the 1944 meeting I 
From papers listed at the 1945 meeting 26 
From papers listed at the 1946 meeting 19 
From papers listed at the 1947 meeting a 

Total 53 
From papers not listed at meetings 15 

Total 68 


During the current Editor’s term, some new features have been added to GEo- 
pHysics. Perhaps the most important of these is the Reviews Section which has been 
conducted during the past year under the very able chairmanship of Mr. T. A. Elkins 
of the Gulf Laboratory. Other members of the Specal Reviews Committee are: Mr. 
k. A. Geyer of the Humble Laboratory, D. C. Skeels of the Standard Oil Company of 
New Jersey in New York, and Norman Ricker of the Carter Laboratory in Tulsa. This 
section has made it possible for members to keep informed about some of the geophysical 
developments which probably would not otherwise come to their attention. 

A project now nearing completion is the preparation of a new Cumulative Index, 
which will cover all publications of the Society through 1946. A new feature of this 
index will be the-inclusion of a Classified Index of all of the Patent Abstracts which 
have been published in Gropuysics. This new index will make much more readily 
available the most important body of literature on applied geophysics which has been 
published in the last 20 years. 

The Editor also has taken an active part in the plans and in securing papers for the 
proposed Case Histories Volume. As will be shown by Mr. Cortes’ report, this volume 
is now assured by the amount of material available and committed, and it is hoped 
that you will all have a chance to read it well before the time of another Annual Meeting. 

Respectfully submitted, 
L. L. NettrLetTon, Editor (1945-47) 


EXHIBIT II. REPORT OF THE CASE HISTORIES COMMITTEE 


As chairman of the Case Histories Committee,— appointed by Dr. Nettleton, Iam 
pleased to report that very substantial progress has been made since the last annual 
meeting. 

Originally it was our goal to have the Volume published and available at the Los 
Angeles Meeting. That has not been possible for the reason that whereas authors from 
one company responded with three papers, others with two, some with one, there are 
still companies whose employees have not contributed one paper. It is felt that in the 
interest of reciprocity and of good public relations that no company doing a fair amount 
of geophysical work can afford to be conspicuous by the absence of its contribution. 

The Committee will continue to function until we have sufficient papers to publish 
a creditable volume. In order to accomplish that end, a deadline of July 1st has been 
set. This will give time for partially finished papers to be completed, as well as for 
articles from those few companies whose employees have not yet contributed. 
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At prescnt cur count stands as follows: 


Published in the past 23 
Very recently published 6 
New manuscripts in hand 3 
To be read at Los Angeles 12 
Prospects—probable 12 

Total 56 


With the addition of approximately 15 more than the above total by July 1st, the 
Volume will be out this fall. . 
The Committee solicits the aid of all S.E.G. members, as well as all members of 
A.A.P.G. in completing this essential Society project. 
Respectfully submitted, 
Case Histories Committee 
Henry C. Cortes, Chairman 


EXHIBIT III. REPORT OF THE CONSTITUTION AND BY-LAWS 
COMMITEE 


The President of the Society of Exploration Geophysicists appointed a Constitution 
and By-Laws Committee, in accordance with the provisions of the Society’s Constitu- 
tion, to submit a revision of the Constitution and By-Laws which would be more 
appropriate to the Society’s professional status than the present version. 

Your Committee has given this problem careful consideration and submits for your 
approval the attached revisions. 

Your Committee feels that it would be simpler to submit a complete revision 
rather than a series of amendments to the Articles of the present Constitution and 
By-Laws. The revisions in general are intended to accomplish three purposes: first, to 
raise the standards and promote the effectiveness of the Society; second, to make 
definite certain provisions which in the present version are somewhat vague; third, to 
assure that the final control of the Society is in the hands of the members. 

In addition to considering whether you wish to adopt the revised Constitution and 
By-Laws as a whole, you are requested to consider the following major changes indi- 
vidually and express your opinion of them. 


CONSTITUTION 


Question 1. Article III. Section 4. A new class of Member, the Fellow, is proposed. 
This class, limited in number, will include members whose work in geophysics or a re- 
lated field, such as geology, has been outstanding. To be eligible one must have been 
an Active Member in good standing for ten or more years, or have been elected by the 
Members of the Society to an office. 

Question 2. Article III, Section 5. The requirements for election to Active Membership 
have been made definite. One must have eight years of geophysical or related experi- 
ence of which three years must have been professional in nature. Four years of education 
may be counted toward the required eight years. 

Question 3. Article III, Section 6. The requirements for election to Associate Member- 
ship have been reduced to an active interest in geophysics. 

Question 4. Article IV. A definite Code of Ethics has been incorporated in the Con- 
stitution. 
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Question 5. Article VIII. A council has been substituted for the present Business Com- 
mittee. The Council is the governing body of the Society. However, most of the routine 
business of the Society will be conducted by the Executive Committee. But should the 
Council not approve of the actions of the Executive Committee, it may meet at any 
time and overrule and instruct the Executive Committee 

Question 6. Article XI. Provisions for forming a Loca] Section have been made more 
definite and the Local Sections have been given representation on the Council. See also 
By-Laws, Article VIII and Article IX. 

Question 7. Article XII. Representatives have been provided for members of the Society 
residing in areas outside Local Sections. 

Question 8. Article XVI. A method has been provided for the Members to force the 
modification of any action of the Officers, Council, or Committees, should an occasion 
ever arise where this is desirable. 


BY-LAWS 


Question 9. Article III. The details of handling applications have been revised for the 
purpose of giving the references more freedom of expression. 
Question ro. Article VII. The method of election of officers is left essentially unchanged 
in principle. The Vice-President is no longer an automatic candidate for the Presidency, 
and the time schedule has been modified so that nominations by petition are more 
easily made. 
Question 11. Article IX. To encourage the organization and active functioning of local 
Sections, the Society will defray the operating expenses of the Section up to specified 
amounts depending on the size and activity of the Section. 
Respectfully submitted, 
Constitution and By-Laws Committee 
Ww. M. Rust, Jr., Chairman 


EXHIBIT IV. REPORT OF THE COMMITTEE ON STUDENT 
MEMBERSHIP 


The Committee on Student Membership was appointed in June, 1946. The official 
function of this committee was to inform undergraduate and graduate students on the 
nature of applied geophysics as a positive means of increasing the enrollment of student 
members. 

The members of this committee were: 


John H. Hodgson, Toronto, Canada 
Dave P. Carlton, Houston, Texas 
Milton B. Dobrin, Washington, D. C. 
Paul Lyons, Tulsa, Oklahoma 

James C. Menefee, Dallas, Texas 
Ralph S. Jackson, Houston, Texas 


This committee contacted more than 60 colleges and universities throughout the 
United States and Canada. In April, 1946, the Society had 4 student members. By the 
end of 1946, the Society had received six additional student applications for member- 
ship. During the first three months of 1947, the Society received 49 applications for 
student membership. This resulted in a total of 59 student members which represent 
approximately 4} per cent of the total membership of the Society. 
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This committee feels that it has only started the work on student membership. 
The real work of this committee lies ahead. 

We wish to recommend that the new committee on student memberships consider 
the following points: 

1. Until students graduate they are dependent on their professors for guidance in pro- 
fessional matters. Therefore, it is suggested that efforts be made to interest profes- 
sors of geophysics, physics and related subjects in interesting their students in the 
S.E.G. Personal contacts with the professors would be the most effective method 
of promoting their interest, however, contacts through correspondence will certainly 
bring encouraging results. Some effort could be made to interest more professors in 
becoming members of S.E.G. which would automatically increase their interest in 
student memberships. During the past year Professor Jones at the University of 
Tulsa and Professor John H. Hodgson at the University of Toronto were responsible 
for the majority of the new student members. 

2. The committee could sponsor a lecture program at universities where there is an 
active interest displayed in the field of geophysics. Many members of the S.E.G. 
would be glad to give a few lectures at universities near their headquarters if arrange- 
ments were made through the Student Membership Committee. 

3. Encourage students to submit papers for publication in GEOPHYSICS. 

4. Encourage the organization of Student Chapters at various universities and publish 
in GEOPHYSICS reports of their activities. 

This committee wishes to urge all members of the Society who have student con- 
tacts to lend their active support to the Committee on Student Membership for the 
ensuing year. 

I wish to express my appreciation to the members of this Committee for their dili- 
gent efforts during the past year and to the faculty members of the various universi- 
ties who have taken an active interest in the work of this committee. 

Respectfully submitted, 
Committee on Student Memberships 
R. S. Jackson, Chairman 


EXHIBIT V. REPORT OF COMMITTEE ON BEST PAPER AWARD 


This Committee was authorized by motion of the Executive and Business Commit- 
tees at their annual meetings respectively March 31 and April 3, 1946, as follows: 

“Mr. Henry C. Cortes recommended that an incentive be established in the form 
of an annual award covering the immediately preceding publication year for the pur- 
pose of obtaining more and better papers for publication in Gzopuysics. The Commit- 
tee voted that a special committee be appointed by the President to create an award as 
recommended, and to serve as judges of the best paper for the year to receive such an 
award.” 

The membership of this Committee consists of: 


Roland F. Beers, Chairman 
W. T. Born 

Frank Goldstone 

M. King Hubbert 
Frederick Romberg, and 
Paul Weaver 
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The preliminary work of the Committee was conducted by mail through inter- 
change of correspondence throughout the Society year just terminated. A final meeting 
was held in Los Angeles March 24, with Messrs. Beers, Born, Hubbert and Romberg 
present. Decisions voted at this meeting were in accordance with policy and its exe- 
cution arrived at in general form by mail. This report contains no features not pre- 
viously agreed to by the majority of the Committee members. 

It was observed that the granting of an annual award for the best paper published 
in Greopuysics should be made at the annual meeting of the Society and that the oc- 
casion warranted ceremonial action in view of the distinction it was desired for the 
recipient to achieve. Since no nominations have been made this year for the granting 
of an annual award, the Committee voted not to make the award for papers published 
during the immediately previous year. 

The Committee voted to present a statement of policy to be used by the Society 
in granting the award in future years, as a guide in selecting the best paper from those 
submitted for its consideration. The following is a statement of principles and features 
suggested by the members of this Committee for the use of Committees which will 
serve in this capacity during subsequent years. 


STATEMENT OF PRINCIPLES SUGGESTED FOR THE GUIDANCE OF THE S.E.G. 
COMMITTEE ON BEST PAPER AWARD 


1. Function 

2. Subject Matter 

3. Manner of Presentation 
4. Style of Writing 


1. Function 

a. To present significant advances in geophysical exploration. 

(1) Fundamental relationships of physics or geology, whether primary dis- 
coveries in either field or adaptations from either to the field of common 
interest. 

(2) Techniques of exploration, including methods, instruments, reduction of 
data and correlation with known geology. 

(3) Results of application of established techniques to problems of geology 
and of the application of any new techniques to problems new and old. 

b. To state problems requiring the attention of exploration geophysicists not 
solvable by known techniques, with suggestions as to methods of attack. 

c. To demonstrate by examples and otherwise the scope and limitations of any 
valid method of geophysical exploration, drawing sufficiently upon field ob- 
servations to establish validity of the method. 

2. Subject Matter 

a. Theoretical considerations involving fundamental principles and relation- 
ships of physics or geology, or both. Adaptation of new discoveries in either 
field to geophysical practice. 

b. Description, evaluation and application of new techniques for exploration 
(methods and instruments) including new principles, new types of data, 
methods of reduction, interpretation and geologic significance. 

c. Results of geophysical exploration applied to specific problems: the scope 
and limitations of all methods, their accuracy and resolving power, philoso- 
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phies of exploration and discovery, the specifications of exploration as dic- 
tated by factors of economic geology. 
3. Manner of Presentation 
a. Theoretical papers. 

(1) Statement of the problem. 

(2) Major assumptions, their existence and relative importance. 

(3) The development of a solution, derivations and approximations. 

(4) Conclusions, correlation of observed data; adjustment of assumptions, 

scope and limitations of the solution achieved. Alternative solutions. 

b. Techniques of exploration. 

(1) New instruments: description, theory of operation, function, accuracy, 
resolving power, fields of application, results obtained. 

(2) New methods: geological settings, problems to be solved, the theory of 
attack, equipment and procedures, accuracy and resolving power, unit 
cost of data, scope and limitaticns of applicability. 

c. Results obtained on specific problems of geophysical exploration. 
Case histories: method, geologic setting, the problem to be solved; results; 
unit cost of data, accuracy, resolving power, correlation with pre- and post- 
exploration geology. Recommendations for improvement of the geophysical 
techniques employed. 
4. Style of writing. 
Brief, direct, clear, specific. 


It is the belief of this Committee that each annually appointed Committee should re- 
tain within its sole jurisdiction the decision as to the basis upon which the award will 
be made and to whom it will be granted. 

The Committee agreed that there should be no restrictions on authors as to age 
limit, number of authors of qualifying papers, the origin of the subject matter, that is, 
whether representing individual or group effort, and it was not deemed necessary that 
tke recipient of the award be a member of the Society at the time the award is granted. 
It was agreed that all papers eligible for consideration for the award must have been 
published in Geopuysics during the immediately previous year, covering the publica- 
tion period January 1 through the October issue. It was the unanimous opinion of the 
Committee each paper should be judged individually and specifically. 

The nature of the award was established in the form of a bronze medal, to be ac- 
companied with a printed certificate, each to bear the name of the author or authors 
of the paper selected for the award. It was suggested that the Committee should be 
assigned the responsibility of preparing a design for the medal and for the certificate, 
that a die be made from which a number of medals might be struck, say 50 at this time, 
to be used in the annual awards for future years. It was suggested that the name of the 
author or authors could be engraved on each bronze casting. 

It was voted by the Committee if no paper seemed to qualify for the award during 
any publication year that no award need be made during that year. It was agreed that 
photographs should be taken at the time the award is granted, these to be published 
in Geoprysics together with a formal announcement of the award. 

Respectfully submitted, 
Committee for Best Paper Award 
ROLAND F. BEERS, Chairman 
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ANNUAL REPORT OF THE SECRETARY-TREASURER OF THE SOCIETY 
OF EXPLORATION GEOPHYSICISTS 


BALANCE SHEET 
SocrETY OF EXPLORATION GEOPHYSICISTS—TULSA, OKLAHOMA 
December 31, 1946 














ASSETS 
Current 
0ST AE Re LO REO ER TR ET GC ume err $ 8,874.36 
Accounts receivable 
Memberalin Guess « 6 o.6ic.«. 60.0000 Sate. stele $ 678.50 
PHOVOTUISIN Gore os8s SF Nbr farts ok torts 415.20 
Back numbers and reprints............ 325.05 
SHRI DSERIELONIO TS 5 0) -fuboyo vada: o 15: alii ocntece 23.60 
; $1,442.35 
Less: Reserve for bad debts & discounts. . 600.00 
ae) ninees 842.35 
Deferred peblication comle.i.. «2... csccce eee thts 82.74 $9,799.45 
Investments, at Cost 
Farm and Home Savings and Loan Association of Mis- 
souri—F ully paid Certificate..................000: $ 5,000.00 
United States Savings Bonds... .. 0... ccc cccesnes's 13,880.00 18,880.00 
Office Equipment 
DOR oe as sciss pw eae eoleteke Etoile es Sicuiseeneealw slaw Spats $ 427.63 
Less: Reserve for depreciation................0eeee0- 63.28 364.35 
$29,043.80 
LIABILITIES 
Accounts Payable and Unapplied Remittances... ........ 000 cee eeeeee $ 202.70 
Deferred Income 
MICIRDCESINDOUCSS, ciel: trc Pod iat edeiiidends dacs $ 139.18 
I 6360 4k ne RE Oi hava Ree elena ae 35.00 
SSEURIROUI PEG She os 5:57 01 55'n. defi ates sah & onnveretr a) area ekeianornenelce 810.90 985.08 
Surplus 
Balances Janugeys Wy ROA fo fely: 0:00 iersss soar. wieieeiraness crap stae $24,264.19 
Add: Net increase for the year—per Income and Expense 
SEA COIOHG (62s orcs eae eine ArectiaariCauaeniaaner 3,591.83 27,856.02 





$29 ,043 .80 








INCOME AND EXPENSE 


SociETY OF EXPLORATION GEOPHYSICISTS—TULSA, OKLAHOMA 


Year Ended December 31, 1946 


INCOME 
Membership Dues 
CUTIE 7) BRESIe et He bn ree aioe aba Sen aaa $6 5735.00 
Be PINSTAEMAGIIS fis aise. wloloses os aeons a 106.50 
Publications 
RT i See aN $5,477.39 
SHBSCHIDUONS:.. 5 oc. coo. os es 1,964.53 
Back NUMVELS 650-5... Has 1,348.40 
OCT 2 SG ey enemies | aera A 4 417.36 $9,207.68 
Less: Discoynts allowed.................: 128.78 
Other Income 
|, ee ee re? $ 302.38 
Commission on publications.............. a A5 
Old accounts payable written off.......... 24.53 
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$6,841.50 


9,078.90 


$16,250.76 


330. 36 





EXPENSES AND PUBLICATION COSTS 
Publication Costs 
Gropnysics—Vol. XI 





ING ST MUOOIDROES 6.5.5 t055.4. 0 sin sides oiaieie-4lovee $1, 284.52 

INO22) GTOMATES science soon eae 1,295.26 

Le ie 1 ee 1 S000 

PIO AP ROSIPREES. oo 8 cake aah eke ees 1 ,.S5Si75 
PRS P ANIMAS a hese Soe cto AN ie Mie ci SES oa Sg ize a ened Oe 

Expenses 
Salary—Business Manager............... $2,012.50 
Commissions 

ne, ETE Oe $1,622.95 

Subscriptions—Agencies.... . 125.20 1,945.15 
Shee mente sss SxS eee We 210.00 
Stationery and office supplies............. 724.59 
Telephone and telegraph................. 228.09 
IIE ROI eee goat abide ceive tattoos’ 138.43 
CUS SYE TIE aes aay cee 86.15 
Annual and regional meetings............. 265.54 
TEES SAE SS RN ee ee 315.00 
Depreciation of office equipment.......... 35.16 
BAG Gebts ChargedOn «<<... ec eos ce nese 320.27 
Provision for additional bad Ccebts and dis- 

EB oes sees Sale te aS Os 600.00 
IBORGPPRCMNUAIS so: 5.< 6. o.cie ois ones oe als > 25.00 
PCT OR ECAL Dp. < 6) Co rr 60.74 
Society Card—A.A.P.G. Bulletin.......... 15.00 
DAIBOCHATIEGNS hin coo i Re se cb ou wee ae « 48.27 


$5,646.09 





179-95 


6,832.89 $12,658.93 








$ 3,591.83 
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SOCIETY OF EXPLORATION GEOPHYSICISTS 
Tulsa, Oklahoma. 


REPORT ON MEMBERSHIP 
December 31, 1946 





























Number of Members 
For the Year 

Classification 
1946 1945 1944 
Active Members 1,178 1,072 034 
Associate Members 186 183 189 
Student Members 12 5 7 
Honorary (Living) 3 3 3 
Totals 1,379 1,263 ” FESs 
Increase over prior year 116 130 129 


1947 REGIONAL MEETINGS 


Houston 


The Houston Regional Meeting held at the Rice Hotel on April 19, 1947, was the 
first of three highly successful regional meetings held during the two months following 
the Annual Meeting. Over 300 geophysicists and geologists from Texas, Louisiana and 
Mississippi were in attendance. 

At morning and afternoon technical sessions a total of twelve papers were pre- 
sented, of which eight had previously been read at the Los Angeles meeting, and four 
were presented in full for the first time. The new papers included “Shoran Surveying,” 
by Robert L. Suggs and Edgar Stern, Jr., Offshore Navigation, Inc.; ““The Use of Radar 
in Geophysical Surveying,” by William J. Monroe, Ratheon Manufacturing Company; 
“The Decca System of Surveying,” by J. E. Hawkins, Seismograph Service Corpora- 
tion; and “Design Equations for the Rotating Coil Galvanometer,” by J. P. Woods, 
The Atlantic Refining Company. Those presiding at the technical sessions were: Henry 
C. Cortes, Roy L. Lay, L. W. Blau and Ralph S. Jackson, morning sessions; and Paul 
Weaver, M. M. Slotnick, E. E. Rosaire and L. L. Nettleton, afternoon sessions. 

Dr. E. E. Rosaire, President of the San Jacinto Chapter, Texas Society of Profes- 
sional Engineers, was guest speaker at the luncheon. He recalled the early days of the 
Society of Exploration Geophysicists, and pointed out the Society’s healthy growth. 
Dr. Rosaire also reminded those present of their responsibility as scientists and engi- 
neers to promote the Society and to realize its important position in professional and 
civic affairs. Cecil H. Green, President of the Society, and Henry C. Cortes, Past 
President, gave brief speeches .The possibility of the organization of a Houston Section 
of S. E. G. received favorable comment. In the evening, S. E. G. members were guests 
of the Houston Geological Society at a dance held in the Crystal Ball Room of the Rice 
Hotel. 

Members of the Houston Program Committee who arranged the Regional Meeting 
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were: Chairman, W. J. Osterhoudt, Gulf Research & Development Company; Derry H. 
Gardner, Humble Oil & Refining Company; E. S. Sherar, Tide Water Associated Oil 
Company; W. Harlan Taylor, Taylor Geophysical Company; T. O. Hall, General 
Geophysical Company; and Roy L. Lay, the Texas Company. Other hard-working 





Members of the Program Committee for the Houston Regional Meeting. First row, 
left to right: E. S. Sherar, Tide Water Associated Oil Co.; T. O. Hall, General Geo- 
physical Co.; W. J. Osterhoudt, Chairman, Gulf Research & Development Co. Second 
row: Roy L. Lay, The Texas Company; Derry H. Garcner, Humble Oil & Refining 
Company. W. Harlan Taylor, Taylor Geophysical Company (Secretary-Treasurer, 
S.E.G., 1944-45) was not present when this picture was taken. 


members who contributed much to the success of the meeting were: W. B. Lee and J. E 
McGee, Gulf Research & Development Company; Ralph S. Jackson and Mrs. Eunice 
Hembree, Independent Exploration Company; M. King Hubbert and F. A. Van 
Melle, Shell Oil Company, Inc.; M. M. Slotnick, H. G. Patrick and Wm. M. Rust, Jr., 
Humble Oil & Refining Company; and L. L. Nettleton, Gravity Meter Exploration 
Company. 


TULSA 


The Tulsa Meeting, May 22, 1947 at the Mayo Hotel was the first Regional Meet- 
ing to be held under the auspices of an organized local section of the Society of Explora- 
tion Geophysicists. Members of the Geophysical Society of Tulsa, under the able 
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direction of R. Clare Coffin, local president, were in charge of arrangements. Keen 
interest in the meeting was evidenced by the record attendance of 325. 

A. B. Bryan, W. H. Courtier, L. L. Nettleton, and J. D. Eisler presided at morning 
technical sessions during which five of the papers read at Los Angeles and Houston were 
repeated, together with a new paper, “‘A New Gravity Meter,” by S. P. Wordon, Hous- 
ton Technical Laboratory, read by E. V. McCollum. 





The University of Tulsa becomes tke official Cepository for S.F.G. exckange publi- 
cations, according to a forma] announcement by Cecil H. Green, President of S.E.G., 
at the Tulsa Regional Meeting. Shown above are: Dr. Arthur A. Brant, Toronto Uni- 
versity; Dr. William Schriever, University of Oklahoma; Presicent Green; Dr. C. I. 
— President of The University of Tulsa; and Prof. V. L. Jones, University of 
Tulsa. 


T. A. Manhart, Secretary-Treasurer of the Society, presided at the luncheon in the 
Crystal Ballroom of the Mayo Hotel. G. H. Westby introduced the guest speaker, Dr. 
Arthur A. Brant of Toronto University, who spoke at length on mining exploration in 
Canada. Dr. Brant outlined the history of Canadian mining and described the applica- 
tion of geophysical methods to the field of exploration for minerals. 

W. T. Born, Paul Lyons, Henry C. Cortes, and Bird G. Swan served as chairmen 
at the afternoon technical sessions, which featured six papers. Eugene Frowe, Robert 
H. Ray Co., read a new: paper, “Gravity Meter Survey by Use of Helicopter.” 

A dinner in honor of Dr. Brant was held in the Chamber of Commerce dining room. 
Dr. Joseph A. Sharpe presided. Cecil H. Green, President of the Society, announced the 
acceptance by the Society of the University of Tulsa’s offer to serve as a depository for 
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the Society’s exchange publications and to provide cataloging and microfilm services. 
Dr. C. I. Pontius, President of the University, stated in response that he believed such 
an exchange of services would prove mutually beneficial. 

A short technical session following the dinner introduced two papers read for the 
first time, “Magnetic Properties of Granite and Granite Wash,” by Garvin Taylor and 
Duane Reno, Stanolind Oil and Gas Company, and “Instrumentation for the Deter- 
mination of the Magnetic Propertics of Rocks,” by Dan Silverman, Stanolind Oil and 
Ges Company. ; 

Members of the local section who arranged the meeting were: R. W. Gemmer, 





Speaker’s table, Tulsa Regional Meeting luncheon. Left to right: L. L. Nettleton, 
Vice-President, S.E.G.; A. B. Bryan, First Vice-President, Tulsa Section; Henry C. 
Cortes, Past President, S.E.G.; G. H. Westby, Seismograph Service Corp.; Dr. Arthur 
A. Brant, Toronto University; T. A. Manhart, Secretary-Treasurer, S.E.G.; Cecil H. 
Green, President, S.E.G.; R. Clare Coffin, President, Tulsa Section; J. J. Jakosky, 
Past President, S.E.G.; Colin C. Campbell, Business Manager, S.E.G.; Francis F. 
Campbell, Secretary-Treasurer, Tulsa Section; and H. M. Thralls, Second Vice-Presi- 
dent, Tulsa Section. 


Chairman, The Carter Oil Company; T. D. Mayes, Co-Chairman, Mayes-Bevan Com- 
pany; H. M. Thralls, Stanley Wilcox and T. A. Manhart, Seismograph Service Cor- 
poration; C. E. Buffum, Stanolind Oil & Gas Co.; E. V. McCollum, E. V. McCollum 
Company; Clare N. Hurry, The Carter Oil Company; F. R. Coryn, The Texas Co.; 
G. D. Lambert, Shell Oil Company; L. O. Seaman, Sinclair-Prairie Oil Company; R. B. 
Ross, Gulf Research & Development Company; Opie Dimmick, Century Geophysical 
Corporation; and J. P. Garner, Oil Exploration, Inc. 


PITTSBURGH 


The Pittsburgh Regional Meeting held June 6, 1947 in the auditorium of the 
Mellon Institute, successfully climaxed the series of regional meetings of the Society. 
In spite of delays in postal service which prevented most S.E.G. members from receiving 
their announcements in time to attend, approximately 115 turned out to hear the ex- 
cellent program planned by Dr. Sigmund Hammer and his committee, W. B. Robinson, 
L. F. Melchior and E. A. Eckhardt, all of Gulf Research and Development Company. 
Judging from the strong interest in this first Eastern Regional Meeting of the Society, 
the success of similar meetings in the future would seem assured. 
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Members of the Arrangements Committee and principal speakers at the Pitts- 
burgh Regional Meeting, June 6, 1947, at the Mellon Institute. Left to right: Sigmund 
Hammer, Chairman, Eastern Regicnal Program Committee; E. A. Eckhardt, Past 
President, S.E.G. (1939-40); Cecil H. Green, President of S.E.G.; Commander B. 
Perkins, Jr., Office of Naval Research, featured speaker; Eugene McDermott, Past 
President, S.E.G. (1933-34); R. D. Wyckoff, Past President, S.E.G. (1943-44); and 
W. B. Robinson, Chairman, Local] Arrangements Committee. 


Dr. E. A. Eckhardt, Past President of S.E.G., presided at the morning session. 
Cecil H. Green, President of the Society, spoke briefly on the progress and aims of the 
Society. Six papers on miscellaneous geophysical topics of interest were presented and 
discussed. 

Afternoon sessions were devoted entirely to the airborne magnetometer, with 
Eugene McDermott, Past President of S.E.G., serving as chairman. Four papers were 
read, including two new papers; ‘““AN/ASQ-3A Airborne Magnetometer,” by E. P. 

‘elch, Bell Telephone Laboratories; and ‘“The Gulf Airborne Magnetometer” by R. D. 
Wyckoff, Gulf Research and Development Company. 

Comdr. Beauregard Perkins, Jr., Office of Naval Research, was guest speaker at the 
dinner held in Hotel Webster Hall. Comdr. Perkins described the demolition of the 
fortified German island of Helgoland by the U. S. Navy, and discussed scientific data 
he personally helped to obtain. R. D. Wyckoff, Past President and former Editor of 
S.E.G., acted as Master of Ceremonies. 

Highlight of the evening session, devoted to three papers on seismics, was a dis- 
cussion and demonstration entitled “SOFAR” (Sound Fixing and Ranging), by J. A. 
Peoples, Jr., Watson Laboratories. Cecil H. Green presided. 
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The success of the meeting was due in no small part to the courtesy and generous 
cooperation of Dr. E. R. Weidlein, Director of the Mellon Institute of Industrial Re- 
search in Pittsburgh. The Society was granted, without cost, full use of the very ex- 
cellent facilities of the Institute for the Regional Meeting. 


PRELIMINARY ANNOUNCEMENT OF PACIFIC 
COAST MEETING 


Plans are being completed for the annual Pacific Coast Meeting of the Society of 
Exploration Geophysicists to be held November 6 and 7 at Pasadena, California, ac- 
cording to Curtis H. Johnson, Chairman of the Pacific Coast Regional Program Com- 
mittee. The S.E.G. meeting will be held in connection with meetings of the American 
Association of Petroleum Geologists and the Society of Economic Paleontologists and 
Mineralogists. 

The S.E.G. technical session will be held on November 6, in the Huntington Hotel. 
Program plans are incomplete at this date and will be given in detail in the October 
issue 


PRELIMINARY ANNOUNCEMENT— 
1948 ANNUAL MEETING 


The 1948 Annual Meeting of the Society of Exploration Geophysicists will be held 
in Denver, Colorado, in conjunction with the Annual Meetings of the A.A.P.G. and the 
S.E.P.M. Headquarters will be the Shirley-Savoy Hotel and the dates are April 26 
through April 29. 

Local arrangements will be handled largely through the A.A.P.G. committees. The 
General Chairman is T. S. Harrison, 1104 First National Bank Building, and the 
Assistant General Chairman is A. E. Brainerd, Continental Oil Company, Denver. 
Chairman of the Hotels Committee is Charles S. Lavington, 2326 Clermont Street, 
Denver. Hotel arrangements will be handled through this committee working with the 
Convention Bureau of the Denver Chamber of Commerce in the same way that they 
were managed for the Los Angeles Meeting. This means that hotel arrangements will 
be made through the committee rather than directly with the hotels. 

For the S.E.G. Meeting, preliminary plans are being made to place special emphasis 
on geophysical applications in the mining industry, and to include a symposium on this 
general subject. The following general and regional program committees for the S.E.G. 
have been named and are announced at this time in order to encourage an early start in 
the preparation of papers for the meeting and later publication in GEOPHYSICS. 


COMMITTEES 
General Chairman 
L. L. Nettleton, Gravity Meter Exploration Co., 1348 Mellie Esperson Bldg., Houston 
2, Texas (Vice-President, S.E.G.) 
Denver Arrangements Committee 
C. A. Heiland, Chairman, Heiland Research Corp., 130 East Fifth Avenue, Denver 9, 
Colorado 
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Regional Program Committees 
Pacific Coast 
Curtis H. Johnson, Chairman, General Petroleum Corp. of California, 108 West 
Second Street, Los Angeles 12, Calif. 
Raymond A. Peterson, United Geophysical Co., Pasadena, Calif. 
John Sloat, Union Oil Co., Bakersfield, California 


Houston 
H. G. Patrick, Chairman, Humble Oil & Refining Co., P. O. Box 2180, Houston 1, 
Texas 
G. W. Carr, Carr Geophysical Co., 
Ralph S. Jackson, Independent Exploration Co. 
B. D. Lee, The Texas Company, Geophysical Lab. 
John E. McGee, Gulf Research and Development Co. 
Chester Sappington, General Geophysical Co. 
F. A. van Melle, Shell Oil Co. 


Dallas 
A. E. McKay, Chairman, Atlantic Refining Co., Magnolia Bldg., Dallas 1, Texas 
Kenneth E. Burg, Geophysical Service, Inc. 
Paul E. Nash, Magnolia Petroleum Company 
W. W. Newton, Geotechnical Corporation 


Fort Worth 


J. B. Lovejoy, Chairman, Gulf Oil Corp., P.O. Drawer 1290, Fort Worth, Texas 
Fred J. Agnich, Geophysical Service, Inc. 

Paul D. Balbin, Stanolind Oil and Gas Co. 

Lynn K. Lee, Pure Oil Co. 

John H. Wilson, Independent Exploration Co., Abilene, Texas 


San Antonio 


P. E. Navarte, Chairman, 307 Insurance Bldg., San Antonio 5, Texas 
W. L. Crawford, Petty Geophysical Co. 

Edward L. DeLoach, Atlantic Refining Co. 

Thomas S. West, Blanco Oil Co. 


Tulsa 
R. W. Gemmer, Chairman, The Carter Oil Co., National Bank of Tulsa Bldg., 
Tulsa 2, Okla. 
J. D. Eisler, Stanolind Oil & Gas Co. 
A. J. Hintze, Phillips Petroleum Co., Bartlesville, Okla. 
B. G. Swan, Continental Oil Co., Ponca City, Okla. 


New Orleans 
Joe B. Hudson, Chairman, Humble Oil & Refining Co., 2316 American Bank Bldg., 
New Orleans, La. 
L. I. Brown, The California Co. 
B. H. Treybig, Jr., The Texas Co. 
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Shreveport 


George E. Wagoner, Chairman, The Carter Oil Co., Drawer 1739, Shreveport, 
Louisiana 

H. M. Buchner, The Carter Oil Co. 

L. F. Fischer, Sohio Petroleum Co. 


Mississippi and Southeast 


G. W. Gulmon, Chairman, Gulmon & Johns, Brynes Bldg., Natchez, Mississippi 
Ewin D. Gaby, Geophysical Service, Inc., Jackson, Mississippi 

Booth B. Strange, Western Geophysical Co., Natchez, Mississippi 

J. H. Todd, The California Company, Brookhaven, Mississippi 


Rocky Mountain 


Walton H. Hohag, Jr., Chairman, General Petroleum Corp., P. O. Box 1652, 
Casper, Wyoming 

Gerald Burton, Shell Oil Company 

M. D. Tucker, Stanolind Oil & Gas Company 

M. J. Walczak, Atlantic Refining Company 


Eastern States 


Sigmund I. Hammer, Chairman, Gulf Research & Development Co., P.O. Drawer 
2038, Pittsburgh 30, Pa. 


Canada 


Theodore Koulomzine, Chairman, Koulomzine, Geoffroy, Broussard & Co., P.O. 
Box 870, Val D’Or, Quebec, Canada 

Arthur A. Brant, Toronto University, Toronto 

J. H. Hodgson, Toronto University, Toronto 

Hans Lundberg, Consulting Engineer, Toronto 

J. T. Randell, Geo-Technical Development Co., Ltd., Toronto 


STANDING COMMITTEES FOR THE YEAR 1947-48 
Geophysical Case Histories Volume 


Henry C. Cortes, Chairman, Magnolia Petroleum Co., Dallas 
L. F. Athy, Continental Oil Co., Ponca City 

A. B. Bryan, Carter Oil Co., Tulsa 

Kenneth Burg, Geophysical Service, Inc., Dallas 

E. D. Alcock, National Geophysical Co., Dallas 

Dave P. Carlton, Humble Oil & Refining Co., Houston 

O. C. Clifford, Atlantic Refining Co., Dallas 

Tra Cram, Pure Oil Co., Chicago . 
E. L. DeGolyer, DeGolyer & MacNaughton, Dallas 

C. Hewitt Dix, United Geophysical Co., Pasadena 

Milton Dobrin, Naval Ordnance Laboratory, Washington 

J. Brian Eby, Consulting Geologist, Houston 

Frank Goldstone, Shell Oil Co., Houston 
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H. J. Hintze; Phillips Petroleum Co., Bartlesville 

W. E. Hollingsworth, Sun Oil Co., Beaumont 

J. W. Hoover, The California Co., New Orleans 

J. C. Karcher, Continental Bldg., Dallas 

Joseph A. Sharpe, C. H. Frost Gravimetric Surveys, Tulsa 
Henry Salvatori, Western Geophysical Co., Los Angeles 
Louis A. Scholl, The Texas Co., Houston 

L. O. Seaman, Sinclair Prairie Oil Co., Tulsa 

D. C Skeels, Standard Oil Co. of N. J., New York 

L. H. Waterfall, Union Oi! Co. of California, Los Angeles 
B. B. Weatherby, Geophysical Research Corp., Tulsa 
Paul Weaver, Gulf Oil Corp., Houston 

G. H. Westby, Seismograph Service Corp., Tulsa 


Constitution and By-Laws 


Wm. M. Rust, Jr., Chairman, Humble Oil & Refining Co., Houston 
J. J. Jakosky, Union Oil Co., Los Angeles 

G. E. Wagoner, Carter Oil Co., Shreveport 

L. L. Nettleton, Gravity Meter Exploration Co., Houston 

Henry C. Cortes, Magnolia Petroleum Co., Dallas 

Cecil H. Green, Geophysical Service, Inc., Dallas 


Special Reviews 


R. A. Geyer, Chairman, Humble Oil & Refining Co., Houston 
Florence Robertson, St. Louis University, St. Louis 

C. Hewitt Dix, United Geophysical Co., Pasadena 

Milton B. Dobrin, Columbia Univ., New York 

Noyes D. Smith, Shell Explor. & Prod. Lab., Houston 

Henry R. Joesting, U. S. Geological Survey, Washington 


Student Membership 


James C. Menefee, Chairman, Magnolia Petroleum Co., Dallas 
Ralph S. Jackson, Independent Exploration Co., Houston 
Darrell S. Hughes, University of Texas, Austin 

S. A. Lynch, Texas A. and M. College, Bryan 

C. Hewitt Dix, United Geophysical Co., Pasadena 

John H. Hodgson, University of Toronto, Toronto 

V. L. Jones, University of Tulsa, Tulsa 

Ralph C. Holmer, Colorado School of Mines, Golden 


Best Paper Award 


Roland F. Beers, Chairman, Geotechnical Corp., Dallas 
W. T. Born, Geophysical Research Corp., Tulsa 

Frank Goldstone, Shell Oil Co., Inc., Houston 

M. King Hubbert, Shell Oil Co., Inc., Houston 
Frederick E. Romberg, La Coste & Romberg, Austin 
Paul Weaver, Gulf Oil Corp., Houston 
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Geophysical Education 


James B. Macelwane, S. J., Chairman, St. Louis University, St. Louis, Mo. 
Perry Byerly, University of California, Berkeley 

Maurice Ewing, Columbia University, New York 

Beno Gutenberg, California Institute of Technology, Pasadena 

C. A. Heiland, Heiland Research Corp., Denver 

M. King Hubbert, Shell Oil Co., Inc. Houston 

D. C. Skeels, Standard Oil Co. of New Jersey, New York 


Public Relations and Publicity 


G. E. Wagoner, Chairman, Carter Oil Co., Shreveport 
M. R. Budd, Hercules Powder Co., Wilmington, Dela. 
C. C. Campbell, Society of Exploration Geophysicists, Tulsa 


Annual Survey of Geophysical Activity 
E. A. Eckhardt, Chairman, Gulf Research & Development Co., Pittsburgh 





PERSONAL ITEMS 


Student members of S.E.G. on a tour of the Carter Oil Company Geoghysical 
Laboratories. Front row, left to right: Dr. E. M. McNatt, Head of Geophysical Re- 
search, The Carter Oil Company; Herman G. Marrs, Robert D. Lane, Spencer Kear], 
William D. Elliott, Gordon A. Walker, Leland E. Moore, V. L. Jones, Professor of 
Geophysics, The University of Tulsa. Second row; Dr. P. S. Williams, Chief of Re- 


search, The Carter Oil Company; Donald L. Bokannan, Gordcn E. Lyons, Elwocd E. 
Byers, Wm. J. Cunningham, Jorn F. Kerr. Third row: Howard Alexancer, Sam La- 
Greca, Schley Babin, Luther W. Rook. Fourth row: James P. Dunn, Ress Brannion, 
Rickard B. Pringle, Duncan Bowie, James R. Clark, Russell Collins. 


Increased interest in geophysics among students in the Engineering School of 
The University of Tulsa has resulted in the organization on the campus of a student 
body known as “The University of Tulsa Student Geophysical Society.” The organiza- 
tion was developed around a nucleus of one associate and two student members of the 
Society of Exploration Geophysicists. A constitution was drawn up and approved by 
University officials. At the annual meeting for the election of officers, which is to be held 
in March of each year, the following were chosen to head the Society for the year 
1947-48; President, Chet Jameson; Vice-President, Bill Crump; Secretary, Ross 
Brannion; Treasurer, Sam LaGreca. V. L. Jones, Head of the Department of Geo- 
physics, was chosen as faculty advisor to the group. The charter membership of the 
organization is comprised of approximately thirty students who have been approved 
for Student Membership in S.E.G. and expect to formulate the first Student Chapter 
of the Society. The purposes of the student organization are to promote interest in 
geophysical subjects, and to serve as a disseminating agent for information of current 
interest to students in the earth sciences. 

The students in the above picture are members of the General Geophysics class 
of the University of Tulsa, who recently paid a visit to the Carter Oil Co. Laboratory 
in Tulsa, where they were acquainted with the various phases of research, development 
and engineering activities in geophysics carried on by the Carter Oil Co. 
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STUDENTS OF GEOPHYSICS AT THE COLORADO SCHOOL OF MINES are 
planning to organize a student chapter of the Society of Exploration Geophysicists, 
according to Ralph C. Holmer, Instructor in Geophysics. A number of students in the 
School of Mines have applied for student membership in the Society and it is their desire 
to affiliate with S.E.G. during the coming school year. In anticipation of increasing inter- 
est in the Society among students of geophysics, the Executive Committee has asked 
Dr. Wm. M. Rust, Jr., to draft a model constitution for the guidance of student groups 
wishing to affiliate in the future. 


GEOPHYSICISTS AND GEOLOGISTS IN THE SHREVEPORT AREA, led 
by L. F. Fischer, geophysicist with the Sohio Petroleum Company and H. M. Buchner, 
co-ordination geologist with Carter Oil Company, are working to organize the second 
local section of the Society of Exploration Geophysicists. Plans for the formation of the 
local society were discussed at a luncheon held June 3, at Monsours in Shreveport. 
Organization of the local group is being promoted with the hope that Shreveport will be 
able to sponsor Regional Meetings in the future. 


D. W. Ratuirr, party chief for Stanolind Oil & Gas Co., has been transferred to 
Stanolind’s Division Office in Houston, Texas as a Seismograph Interpreter. 


Lonnie C. WILLIAMSON, radio technician with Independent Exploration Co., is 
now located at Qatar, Bahrein Island, Persian Gulf. 


ALBERT W. MusGRAVE graduated from the Colorado School of Mines with a Geo- 
logical Engineering (Geophysical Option) Degree in January, 1947 and is now working 
for Magnolia Petroleum Company as a Geophysical Assistant. 


J. M. BuGBEE, petroleum engineer and geologist with Shell Oil Co., Inc., has re- 
cently been transferred from the Louisiana Division to Houston, Texas. He is in the 
Production Department of the recently established Houston Area. 


Care N. Hurry, formerly geophysical supervisor at Shreveport, La. for the Carter 
Oil Company, has been transferred to Tulsa, and is now Geophysical Operations Assist- 
ant. 


BEN S. MEtton, Senior Staff Member of The Johns Hopkins University Applied 
Physics Laboratory, is now engaged in research on fundamental problems in supersonic 
aerodynamics. 


Girrorp E. Wuite has recently joined Statham Laboratories as an East Coast rep- 
resentative. He is also a consultant to the Sperry Gyroscope Co. on guided missile 
projects. 


LAURENCE G. CowELs, formerly with the Texas Company, is now a Research 
Geophysicist for The Superior Oil Co. 


James A. BALLARD, party chief for Seismograph Service Corp., is at present in 
charge of the Bahamian Division of Seismograph Service Corporation, which consists 
of one crew doing nothing but experimental seismic work on the Bahama Islands. 


ARTHUR B. Woop has been transferred from the Exploration Section of the Carib- 
bean Petroleum Company in Maracaibo to the Caribbean’s Exploration Section in 
Caracas, acting as Geophysicist in Eastern Venezuela. 
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WALTER O..NOvELLY, formerly party chief for Republic Exploration Co., is now 
serving with the U. S. Army in Yokohama, Japan. 


Juwian K. PAWLEY, with Standard Oil Co. of Texas has recently changed positions 
from that of Geologist to Geophysical Supervisor. His new home address is 8142 
Howard Drive, Houston 12, Texas. 


Harry J. McCreapy, Jr., Research Geophysicist, Seismograph Service Corp., is 
now working on South Andres Island in the Bahamas, British West Indies. 


G. W. GutMon AND N. W. Jouns have left the California Company to form the 
geological consulting firm of Gulmon & Johns with offices in Natchez, Miss. Both 
men were with the California Company 8 years in geological and geophysical work. 
They plan to specialize on the Tuscaloosa Basin of Central Mississippi and Louisiana. 


O. F. RitzMann, author of the Patent Abstracts section of Gropnystcs for the 
past five years, has been registered to practice before the United States Patent Office. 
He is located at Washington, D. C., with the Patent Department of Gulf Oil Corpora- 
tion. 


Lewis H. Bovp recently resigned from the Brown Geophysical Company to accept 
a position as Director of the Gravity-Meter and Instrument Rentals Division of the 
Western Geophysical Company. His permanent address is Box 591, Tulsa, Oklahoma. 


H. A. Grsson, formerly Chief Geophysicist for Standard Vacuum Oil Company, 
now holds the position of Assistant General Manager of the Ned. Koloniale Petroleum 
Mij. His address is now c/o N.K.P.M., Koningspkin Zuid 18, Batavia, Java, N.E.I. 


J. B. Jackson is now stationed in Caracas, and may be addressed in care of The 
Caribbean Petroleum Company, Exploration Dept., Apartado 809, Caracas, Venezuela. 


Jostan TAyLor recently joined the regional staff of Shell Oil Company in Houston 
as a Seismologist. Formerly with General Geophysical Company, he resigned two 
years ago to serve one year with the Department of Terrestrial Magnetism of the Car- 
negie Institute of Washington and one year with Johns Hopkins University, on war 
projects. 


Wa ter E. HeErnricus, JR., joined the Bureau of Reclamation last December after 
a very interesting tour of duty in the Navy as Geophysicist and Geologist for the 
Office of Naval Petroleum Reserves. He experienced some rugged reconnaissance 
geology in Northern Alaska and assisted in the development of the Airborne Mag- 
netometer and the use of Shoran as an aerial surveying method with the U.S.G.S. 
Mr. and Mrs. Heinrichs also with to announce the arrival of a future Society member 
for about 1970—Frederick Walter Heinrichs, born February 24, 1947 in Denver. 


G. E. Scuuttis, Seismograph Party Chief for The Carter Oil Company, has been 
stationed in Venezuela almost a year now, and declares he is gaining some first hand 
information in the State of Falcon, a very small part of Venezuela, which has only 
cacti, sand, goats, and wind. 


Cuarrs C. Bates, recently became a partner in the consulting firm of Bates 
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and Glenn, Meteorological Engineers, where he will specialize in studies of the effect 
of wave action upon exploration and drilling activities on the continental shelf. 


The Advanced Exploration Company, Inc., of Houston has recently reorganized. 
The active stockholders are: George D. Mitchell, Jr., President; C. W. Bocock, 1st 
Vice-President; A. I. Bartow, 2nd Vice-President; Louis Poindexter; and F. Ritchey 
Wallace. Miss Jo Doss is Secretary-Treasurer. 


C. E. Wittiams resigned his position as recorder for American Exploration Co. 
to take up new duties as party chief for Sun Oil Company, in Beaumont, Texas. 


Don GILKISON was transferred to the Geological Dept. of the Gypsy Division of 
the Gulf Oil Corporation on May 1 and may now be addressed at Box 661, Tulsa 2, 
Oklahoma. He was formerly a seismic party manager. 


H. L. Rast, Geophysicist, Gulf Research & Development Company, has been 
transferred from McComb, Mississippi to Shawnee, Oklahoma. His address is Box 
1096, Shawnee, Oklahoma. 


Roe W. Carson has left the Sun Oil Company to accept a new position as Geo- 
physical Interpreter for Garrett Exploration Co. He may be addressed at goo Pipkin 


St., Beaumont, Texas. 


Raymonp E. Hatsey completed requirements fora Master’s Degree in Geology at 
Louisiana State University, February 1 of this year. Mr. and Mrs. Halsey also became 
the parents of a new daughter, Catharine Green Halsey, on November 5, 1946. Halsey 
is now associated with the Taylor Exploration Co. as a geologist. 


Joun L. ALBER is now associated with the Bardanal Engineering Co., Inc., as Presi- 
dent and General Manager and is permanently located at 2629 Strong Ave., Whittier, 
California. For the last five years Mr. Alber has been in Peru as head of the Geophysical 
Department for the International Petroleum Company. 


W. P. Martens left Seismograph Service Corporation and is now engaged in pro- 
duction. His new address is Box 552, Newcastle, Wyoming. 


Joun W. Ross, formerly Supervisor of Field Operations for C. H. Frost Gravimetric 
Surveys, Inc., resigned his position in December of 1946 because of a physical handicap. 
Shortly after returning to the United States from the Maritime Provinces of Canada 
where he had been directing the operation of gravity work from May to July, 1946, 
Mr. Ross became stricken with co-axial neuritis of the optic nerve which has resulted 
in the loss of go per cent of the vision in both eyes. Mr. Ross has been uncer the care of 
eye specialists, and is now confined at home. His friends may address him at 1023 E. 
36th Pl., Tulsa, Oklahoma. 


FIELDING L. MITCHELL, released from active duty with the U. S. Navy in Septem- 
ber, 1946, returned to work in the Geophysical Dept. of the Carter Oil Company. He is 
now stationed in Peru with the International Petroleum Co., Ltd. and may be ad- 
dressed at Apartado 1081, Lima, Peru, S.A. 
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CONDENSED CONTENTS BY STATES AND FIELDS 
Vol. I—510 pp., 190 illus. Cloth. 6 x 9 inches. $3.00 


ARKANSAS: Irma. CALIFORNIA: McKittrick. INDIANA: Tri-County. 
KANSAS: Fairport, Coffeyville, Rainbow Bend, Nemaha Mountains, KEN- 
TUCKY: Eastern Coal Field. LOUISIANA: Urania. MICHIGAN: Saginaw. 
NEW MEXICO: Artesia, OHIO: Eastern. OKLAHOMA: Morrison, Meérvine, 
Ponca, Blackwell, South Blackwell, Garber, Crinerville, Turkey Mountain, Bur- 
bank, Glenn. TENNESSEE: Tinsleys Bottom, Celina, Spurrier-Riverton, Sumner 
County, Spring Creek, Glenmary, Bone Camp. TEXAS: Luling, Westbrook, Wil- 
barger County, Mexia and Tehuacana Fault Zones, Laredo, Archer County. WEST 
VIRGINIA: Copley, Cabin Creek. INDEX. 


Vol. II—750 pp., 235 illus. Cloth. 6 x 9 inches. $4.00 


ARKANSAS: Stephens. CALIFORNIA: Santa Maria, Ventura Avenue, Elk 
Hills, Long Beach. COLORADO: Florence, Northwestern. ILLINOIS: Centralia, 
Sandoval, Martinsville. KANSAS: Virgil, Madison, El] Dorado. LOUISIANA: 
Caddo, Homer, Bellevue. MONTANA: Kevin-Sunburst. NEW YORK: Cattarau- 
gus, Allegany, and Steuben Counties. OKLAHOMA: Hewitt, Cromwell, Semi- 
nole, Delaware Extension, Depew, Cushing. PENN SYLVANIA: Bradford, 
Scenery Hill. TEXAS: West Columbia, Stephens County, Yates, Big Lake, Pe- 
trolia, Smith-Ellis. WEST VIRGINIA: Griffithsville, Tanner Creek, Granny 
Creek, Grass Creek, Lost Soldier. SUMMARY: Role of Structyry in Oil Ac- 
cumulation, INDEX. 





PRICE, TWO VOLUMES, $7.00, POSTPAID 
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This map indicates the num- 
ber and type of Western crews © 
which have operated in each % 
State from January to June, & 
1947. - , 
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KEY 


Seismic SurveY 
Parties 

Gravity Meter Survey 
Parties 


A . 
Core Drill & go Ublb ted sriviries since the inception of the company in 1933 
pas Meter include operations in every major producing and potential petroleum 
Survey Parties producing province in the United States. This wide experience, solving 
Main Office all types of geophysical problems, together with superior personnel, 

=—— equipment and research facilities enables Western to meet every require- 
Division Head- ment of operators desiring the most complete and highly advanced 
— geophysical service. 


The accuracy of its surveys is attested by its numerous clients 
and by the many discovery wells which have been located on the basis 
of Western surveys. 


In addition to the domestic operations depicted, Western field 
parties and/or instruments are now operating in Paraguay, Argentine, 


Italy, France and China. Western services are available in any part 
of the world. 


WESTERN MANUFACTURES FOR SALE OR RENTAL —~ 
Seismic Instruments and Equipment. « Gravity 
Meters * Elevation Meters + Electrical Logging 
Units '* Portable Shot Hole and Core Drilling Rigs 


WY, (€} 10) 35 b'4:) (ORV OO NII UND Ys | 


HENRY SALVATORE PRESIDEN! 





EDISON BUILDING, LOS ANGELES 13, CALIFORNIA, U.S.A. 
DOMESTIC DIVISION HEADQUARTERS — DALLAS, TEXAS + CASPER. WYOMING «© NATCHEZ. MISS 
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AIRBORNE 
MAGNETOMETER 
SURVEYS 


Eight Square Miles 
: —or 80,000 


Over Land 
—or Over the Ocean 


Control by Maps 
—or by Shoran 


Oil Surveys 
—or Mineral Surveys 





Aero is equipped NOW to conduct any possible type of 


airborne magnetometer survey. 


Aero's planes today are making successful and efficient 


surveys at the extreme limits listed above. - 

















Licensed by Gulf Research & Development Co. 
4 
AERO SERVICE CORPORATION 
236 E. Courtland St. 
Philadelphia 20, Pa. 
h 
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ro THE WAY IN THE FIELD 
OF SEISMIC EXPLORATION 


National's highly skilled, experienced crews are con- 
stantly exploring new horizons, improving techniques, 
advancing instrumentation, obtaining reliable data and 
accurately interpreting it . . . to assure you, in the 
pretroleum industry, the most efficient, economical, precise 
seismic surveying service . . . and to insure our place 
among the leading geophysical companies in the field of 
seismic explorations! 


NATIONAL GEOPHYSICAL CO., INC. 


TOWER PETROLEUM BLOG., DALLAS, TEXAS 
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HALOID RECORD 


SEISMOGRAPH RECORDING PAPER 
IS FAVORED BY CRITICAL GEOPHYSICISTS 


H ALOID RECORD is plenty tough. It resists 
heat and withstands moisture. It provides sharp 
lines and legible contrast. Its processing advan- 
tage and consistently uniform performance 
even under the most adverse conditions of field 
and laboratory, make it the ideal paper for this 
work. 


For superior seismographic recordings that 
successfully combine photographic excellence 


‘ with an amazing ability to withstand abuse, use 


Haloid Record—the paper that's favored by 
critical geophysicists. 


THE HALOID COMPANY 


894 Haloid St., Rochester 3, N. Y. 
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®@ Oscillograph Recorders—6, 12, 
18, and 24 channels. 


@ Truck Mounted Seismic Reflection 
Equipment. 


CI Zola io} ol (-W t-tadeleaflolaMolalom <-til-vai lola 
Equipment. 


@ Complete Seismic Recording Trucks. 
®@ Seismic Amplifiers. 
@ Seismic Galvanometers. 


©@ Geophones. 


For complete information wr 


HEILAND dependable seismic equtpment 


oc N VE R 
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KEYSTON 


SEISMIC SURVEYS 










J SE OPHY SiC s 


KEYSTONE EXPLORATION COMPANY 


OFFICES AND LABORATORY 


2813 WESTHEIMER ROAD 





HOUSTON @ TEXAS 
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Write for prices, 


specifications 


and delivery. 
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PORTABLE DRILLING EQUIPMENT 





HOUSTON, TEXAS ENID, OKLAHOMA MIDLAND, TEXAS 


EXPOR?T-OFFICE - 30 ROCKEFPERee PLAZA - NEW’ YORK 20, NY. 
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C. H. FROST GRAVIMETRIC 
SURVEYS, INC. 


C. H. Frost, President Josern A. Suarpz, Vice-President 


GRAVIMETERS manufactured: under license from Standard Oil 


Development Company 


GRAVIMETRIC AND MAGNETIC SURVEYS carefully con- 
ducted by competent personnel 


GEOLOGIC INTERPRETATION of the results of gravimetric 


and magnetic surveys 














4410 South Peoria Avenue Tulsa 3, Oklahoma 
GLENN M. McGUCKIN PERRY R. LOVE 
for 


RELIABLE SEISMIC SURVEYS, AND 
RELIABLE SEISMIC DATA INTERPRETATIONS 


RELIABLE GEOPHYSICAL CO. 


P. O. Box III RUSTON, LA. 
CORPUS CHRISTI, TEXAS Phone 1144 
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ASKANIA MAGNETOMETER i LICENSED STATE 
SURVEYS a 2 LAND SURVEYOR 
Be 4" eee 


PAUL D. CRAWFORD, SR. 
CONSULTING GEOPHYSICIST 
MILAM BUILDING 


SAN ANTONIO, TEXAS 


Twenty successful years of magnetic exploration 


1421 Milam Bldg. All surveys personally conducted 
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Prospecting 
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SOMETHING NEW IN SHOT HOLE 
CASING 





Designed by engineers. 


TAPEROLL 


The only shot hole cas- 
ing on the market built 


Mafiufactured by manu- 
" facturers. 


: Merchandised by ap- 
_ proved methods. 


to reduce your casing 
costs. 


Taperoll is manufac- 
tured in the same plant 
and by the same com- 
“pany which was awarded 
the Army-Navy “E” for 
producing over eight 

million shells during the 
war. 


You get what you order, 
when you want it, and 


exact footage delivered. 


Uniform wall thickness 
at all points of thread. 





TAPEROLL SHOT HOLE CASING 


(Patents Applied For) 


1. High joint strength (18,000 pounds pull) which means practically 100% re- 
covery. 


‘2. Damaged ends can be repaired by your men in the field. TAPEROLL can be used 
again and again. 


3. Shoulder prevents joints from telescoping. 
4, Fast setting. Makes up by hand. One bite of a wrench will tighten it. 


5. Loads easily. There are no sharp edges or any restriction of area inside of a string 
of TAPEROLL. 


TAPEROLL is manufactured from 16 gage steel, the analysis being closely con- 
trolled to 1010 S.A.E. quality. It is furnished 3” O.D. in exact lengths of 16’0” 
or 12’0”. The coupling holds water pressure. TAPEROLL shoots off clean and there 
are no collars to lose, no fine threads to damage. 


Write us for a sample and quotation, 


KOMP EQUIPMENT COMPANY 


Hattiesburg, Mississippi 
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ADVANCED 


reEFLECTION SEISMIOG SURWEYS eerraction 





SHORT OR LONG TERM CONTRACTS 
SFECIAL PROBLEMS 


MODERN ADVANCED INSTRUMENTS 


EXPERIENCED AGGRESSIVE PERSONNEL 


SINCERE FRIENDLY COOPERATION 


ADVANCED EXPLORATION COMPANY, INC. 


622 FIRST NATIONAL BANK BUILDING 
LABORATORY: 3732 WESTHEIMER 
HOUSTON, TEXAS 


Please mention GropHysics when answering advertisers 





< 


“*, , Ze . q) A 
a OY) Wy 
Uy) 4A Uy if 
KY AY f 
i p— 


With millions of lives at stake, the American airmen 
could not rely on luck. The bombardier’s pinpoint perfec- 
tion was the result of superior skills and highest quality 
equipment. 


Today, millions of dollars may be wasted in the search 
for petroleum — unless highly skilled crews using the 
finest geophysical equipment are employed. Let Century’s 
dependable, accurate surveys insure the success of your 
exploratory program. | 
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Recently developed by our own seismolo- 


gists for migrating steep dips, this instrument locates 
the reflecting horizons in a vertical plane according to 
the curved path theory based on the assumption that the 

instantaneous velocity increases linearly with depth. 
Slide rules are easily made for each area for which a 


given linear velocity equation applies 
Vz = Vo ok K Z 


KZ? 
2Vz 
tan B = AZ/AX 
tan @ = AZ’/AX 
tan @ — tan 8B 
So — tan" 
/1 + tan? d 


Duplicates of this instrument will be made on special 
order only. Additional information and prices gladly 


furnished on request. 


gl 


a = cos"! Fels BG 
tan®@ 























The price tags on geophysical equipment manufactured 
by Century actually often are higher than those on 
competitive equipment. But Century equipment is not 
expensive! A paradox? No, because the lower priced 


equipment often means higher operation and maintenance 





costs, less accuracy, and greater possibility for error in 


the location of potential pools of petroleum. 


When you select Century, you know you're getting the 


finest geophysical equipment possible to produce. 
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Quick, one-man assembly 
Threaded Spiralok* cartridges 
and shells can be screwed together 
rapidly to form_a’long, rigid -col- 
umn of explosives. 


Easy toprime _ 

Insert cap anywhere in the car- 
tridge before: joining sleeves. 
Then screw sleeves together. 
Sleeves cover and protect cap, 
leave wires free: 





Simple to take apart 


Unneeded cartridges. can be 
uncoupled rapidly by one man, 
without damage to charge or 
sleeve. 
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INCORPORATED 


HERCULES POWDER COMPANY 
917 King Street, Wilmington 29, Delaware : 


*Reg. U. S. Pat. Off. by Hercules Powder Company 
Please mention GEOPHYSICS when answering advertisers 
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measured at | MV 


STANDARD PROCEDURE 
for Thermador Geophysical Transformers 


At Thermador there’s nothing unusual about 

measuring a transformer at 1 MV. For all Ther- 

mador input, interstage and low-level trans- 

formers are measured at 1 MV and 100 MV. 

Furthermore, this information is placed on 

each transformer, assuring saeeameade in any 

quantity ordered. 

TOLERANCES HELD 

TO A REMARKABLE MINIMUM 

Thermador transformers are held to a maxi- 

mum tolerance of plus 5% to minus 5%. Spe- 

cial transformers with tolerances held from 

plus 3% to minus 3% are also available. 

SPECIAL STAFF... 

EXCLUSIVE TESTING EQUIPMENT 

A special geophysical staff and exclusive testing 

equipment assure the superiority of Thermador 

transformers. All inductance measurements are 

made with a specially designed Owens Bridge 

by applying certain measured voltages across 

the coil. 

HERMETICALLY SEALED 

Thermador Geophysical Transformers are her- 

metically sealed and vacuum impregnated to 

provide resistance against extreme conditions 

of humidity, heat and cold 

_ complete information, write Dept. GT to- 
ay. 


“Seven Leagues Ahead’’ 


THERMADOR 


ELECTRICAL MANUFACTURING CO. 
5119 District Boulevard « Los Angeles 22, California 
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THE 
GEOTECHNICAL 
CORPORATION 


ROLAND F. BEERS 


President 


P.O. Box 7166 
Dallas 9, Texas 
Telephone DIXON 4-3947 














GEOPHYSICAL 
SURVEYS 


UNIVERSAL 
EXPLORATION 
COMPANY 


2044 Richmond Rd. 
HOUSTON 6, TEXAS 


Paul Charrin 
President 
C. C. Hinson 
Vice President 


John Gilmore 
Vice President 
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bEOPHYSICAL COMPANY 


ACCURATE 
GEOPHYSICAL 
SURVEYS 


CORE DRILLING 
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Off the record can come misinterpreta- 
tions that may lead to costly and un- 
successful leasing and drilling, or, per- 
haps, the condemnation of productive 
acreage. 


That the Seismic staff of seismologists, 
now entering its fifteenth year as an 
organization, is capable of successfully 
directing an exploration campaign of 
any magnitude is clearly reflected in its 
record of operations ... a record high- 
lighted by accurate interpretations. 


SEISMIC 
Gulf Bldg. 


rate) 


EXPLORATIONS, INC. 


Houston, Texas 


Established 1932 
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RECISION SEISMIC SURVEYS 


7a: ne 


REFRACTION 


ATA REANALYSIS 


FOPHYSICAL C0 


 SIDOM HARRIS, PRESIDENT 
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Since the Publication of 


MINERAL GEOPHYSICS 
RESOURCES —was inaugurated, membership in the SO- 


OF CHIN A CIETY OF EXPLORATION GEOPHYSI- 


CISTS has increased and is rapidly growing. 

By V. C. Juan Practically all subscribers are trained and 

experienced geophysicists, engineers, pro- 

June-July, 1946 Issue, Part II ducers and executives who are leaders in the 
Economic Geology petroleum industry. 

Each copy reaches someone interested in 

75 cents per copy every page, and is not thrown aside but 


kept for reference. 


In lots of 10—$6.00 


For information concerning advertising rates 


e and requirements 
The Economic Geology Write to 
Publishing Company Colin C, Campbell, Bus. Mgr. 
100 Natural Resources Building P.O. Box 1614 
Urbana, Illinois Tulsa, Oklahoma 

















NEW SUBSCRIPTION RATES 
Effective July 1, 1947 
JOURNAL OF APPLIED PHYSICS 


This is a monthly journal designed particularly for those applying physics 
in industry and in other sciences. It publishes reviews of recent progress in 
applied physics, original research papers, news, and advertisements. 

U.S. Poss. 








Subscription Price and Canada__‘ Foreign 
To members of American Institute of Physics ...... $6.00 $7.00 
GREEN ET aaa aA RE ESP A SRN RRR Ry Em, 8.00 9.00 

Single copies—$1.00 
Address 
AMERICAN INSTITUTE OF PHYSICS 
| 57 East 55 Street New York 22, N.Y. 
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S. E, C. 
WH. b. SCHIFLETT, Managen 2 WW . 
Service nterpretation 


STATES EXPLORATION COMPANY 


GRAVITY METER SURVEYS 


SHERMAN, TEXAS, U.S. A. 


TO THE OWNERS: 
Gentlemen: 

From the beginning we have operated on the premise that your 
primary purpose in the conduct of geophysical surveys is to SAVE 
money or MAKE money; 

YOU SAVE by 
1. Not buying 
2. Not holding 
YOU MAKE by 
1. Buying in the right place 
2. Drilling in the right place 
To this end our field surveys are carefully conducted and the 


interpretation of data made in close harmony with YOUR GEOLOGISTS. 


HLS: hk Very truly yours, 


Hd Shiflett 
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GEOPHYSICAL RADIO 


If your geophysical operations call for radio for communication and trans- 


mission of time break and shot point geophone information to the recording 


position, it will pay you to investigate S.I.E.'s special Geophysical Radio. 


FEATURES 


@ Crystal-controlled transmitter and receiver, and shot point geophone signals with mini- 


Iteration. 
1600-1700 F.C. (Other frequencies on spe- Pere 


@ Simple, efficient antenna loading. 


cial order) 
@ Extremely high quality material and work- 
manship throughout for long trouble free 
@ Special circuits to reproduce time break operation. 


For prices and further information contact 


SOUTHWESTERN INDUSTRIAL ELECTRONIC COMPANY 


Custom Built Geophysical Equipment 
2619 Milam Street Houston 6, Texas 
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Know-How plu’ Know=-WHERE 


You need BOTH for successful drilling 
operations. You can safeguard your 
investment in money and “know-how” 
by getting a Mayes-Bevan Gravity Meter 
Survey to help supply the “know 
where.” Our dependable reconnaissance 
technique, skillfully interpreted, gives 
you economical, reliable information on 
which to base your decisions about 
further exploration. 


KENNEDY BLDG. TULSA, OKLAHOMA 
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Presenting ... 


The Model SD-14 
DC Vacuum Tube 
Voltmeter 





Featuring: 


© Special Weston meter with dual 
calibrated scale and lance pointer 
for easy reading. 


© Moisture-Proof Case to meet 
conditions of high humidity. 


© Sub-miniature tube, with ex- 
tremely linear characteristics. 


© Battery life of a year, under 
average conditions. 


RANGE: 0.05 to 1000 volts in six ranges (3, 10, The entire instrument, including all batteries, 
30, 100, 300, and 1000 volts full scale). is self-contained and housed in a black lucite 
case. The case has been moisture-proofed to in- 
sure accuracy and reliability under conditions of 


ACCURACY: 2%, for all ranges. high humidity. The circuit components include 
1% matched resistors, a precision meter, and a 
INPUT RESISTANCE: 100 Megohms on all ranges. vacuum tube which has -been designed for ex- 


tremely linear grid voltage-plate current char- 
acteristics. These components, together with a 
circuit which practically eliminates all errors due 
to battery and tube aging, assures that specified 
WEIGHT: 4 pounds, including all batteries. accuracy is maintained over long periods of time. 


BATTERY LIFE: Over 500 hours. 


This voltmeter was designed for accurate measurement of DC voltages on circuits where 
no appreciable amount of power can be taken from the circuit. It is particularly useful for 
measuring electrode voltages of vacuum tubes and cathode ray tubes in all types of elec- 
tronic equipment and finds wide use in both laboratory and field applications. 


Complete specifications on request 
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THE DEVELOPMENT ENGINEERING COMPANY 
1818 ASHLAND STREET HOUSTON 8, TEXAS 
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@ WHY RISK the possibility of overlooking 
important producing horizons? Many new 
productive sands have been tested due to 
the results of Baroid Well Logging Service. 


@ KNOW YOUR WILDCAT! To obtain the 
most comprehensive data from your well, 
correlate the mud analysis log with the 
electric log and other well information. 


@ BAROID WELL LOGGING SERVICE supplies 
a continuous analysis of the returning drill- 
ing mud and does not interfere with drilling. 


@ Operators use it who desire immediate 
information on the occurrence of oil and 
gas as their wells are being drilled. 

@ Include BAROID WELL LOGGING SERVICE 
in your well program. 


Baroid Well Logging Units contain complete 

& RO i 'y logging and mud testing equipment. Logging 
reveals the presence of oil and gas in the 

formations penetrated and practically elimi- 

W, cll fa ° nates the chance of passing any productive 
OGYUNG zones. By using this service to control a cor- 


ing program, only the necessary cores need 


be taken, resulting in a great saving in time 
= ER Ws ie and: money in drilling a well. Mud tests are 
made to maintain a satisfactory drilling mud. 


BAROID SALES DIVISION 
NATIONAL LEAD COMPANY @ BAROID SALES OFFICES: LOS ANGELES 12, TULSA 3, HOUSTON 2 
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THAT (cunts TL 
EXPLORATION 


Modern science and inventive genius are reflected 
in today's precision equipment and advanced methods 
designed to determine geophysical data for oil explora- 
tion. But these methods and equipment are not enough. 
The producer of oil wants the most accurate and scien- 
tific analysis possible. 


That's where INTERPRETATION comes in. Republic— 
founded and supervised by men who had an active part 
in the design and creation of some of these most modern 
methods and equipment—stresses the vital importance 
of ACCURATE INTERPRETATION. And, fortified by 
their wide experience in the direction of seismic surveys, 
Republic's geophysicists reach far beyond the normal 
limits of interpretive analysis. 


Yes, Republic's clients have found that it's the IN- 
TERPRETATION that counts. 









































jsmogroph Service Corporation 


TULSA, OKL AREA, U.S.A. 











The new GSI! home at 6000 Lemmon Avenue, Dallas... 
40,000 square feet of plant.on seven acres . . . housing the 
most modern facilities for engineering, research and crew 
maintenance. We invite you to visit us. 





GEOPHYSICAL 


SEISMIC SURVEYS 





6000 LEMMON AVENUE DALLAS, TEXAS 














